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EDUCATION: AN INVESTMENT FOR THE FUTURE 


HE correspondence between Sir Philip Morris, 
chairman of the National Advisory Council on 
the Training and Supply of Teachers, and the 
Minister of Education, on the supply of teachers in 
Britain in the 1960’s, was published* shortly after 
the statistics given in the Ministry’s annual report 
for 1957 had indicated that, so far from the ‘bulge’ 
flattening out, a new peak was likely in 1968, and 
had again stressed the need for a considerably larger 
number of teachers of mathematics and science to 
deal with the increasing number of children in the 
secondary schools. In his letter, dated July 16, Sir 
Philip sets forth the Council’s views on the situation 
since its fifth report, on three-year training for 
teachers, was published in September 1956, in the 
light of this probable increase in the number of 
children in the schools; and he gives a revised 
estimate of wastage of teachers, and the actual 
number of candidates offering themselves for training. 
On wastage, the Council is inclined to attribute the 
sudden increase mainly to an increased loss of women 
teachers through earlier marriage and child-bearing, 
and it has now provisionally adopted the conservative 
assumption that the annual increase of teachers in 
Britain in the future will be either 6,000 or 5,000. 
To obtain the objective of reducing sizes of classes to 
a maximum of forty in the primary and thirty in the 
secondary schools by 1968 now appears likely to 
require 326,000 teachers instead of the 299,000 pre- 
viously assumed, and on the higher estimate of 
wastage the number of teachers likely to be available 
is 282,000. The Council concludes that if the staffing 
objectives are to be attained, the short-fall of teachers 
in January 1968 is unlikely to be less than 34,000. 
The present position as regards the supply of can- 
didates offering themselves for training is regarded 
as satisfactory and likely to remain so in 1960 and 
to an increasing extent in later years. 

Nevertheless, the Council emphasizes the need for 
new decisions and urgent action to maintain the 
annual rate of increase in the total number of 
teachers available by 1968 at the higher level now 
seen to be required. Nothing less, it believes, than 
an annual output of 12,000 teachers from the three- 
year course will suffice to maintain the present 
annual output of about 10,000 teachers and make 
good over five years the loss of 10,000 teachers in 
the vear of intermission. Accordingly, the Council 
recommends provision of 16,000 additional places to 
bring the capacity of the training colleges to 36,000 
places ; it is regarded as being of the utmost import- 
ance that these places should be available by the 
autumn of 1962. It is suggested that, with this 
expansion, the present pattern of teacher training 
should be re-examined. Particularly in planning new 
colleges and the expansion of existing colleges, 
the FS aaeeY etna National Advisory Counell on the Training and 


Supply of Teachers and the Minister of Education, July, 1958. Pp. 
2 "Lcaaea? H.M. Stationery Office, 1958.) 9d. net. 


attention should be given to the optimum size of a 
college for economic working, and the continuation 
on their present basis of the existing specialist 
colleges should be reconsidered. As regards location, 
colleges should be in, or readily accessible to, a 
university town or similar educational or cultural 
centre, and the general spread of colleges should 
take into account the existence of areas where 
the authorities have difficulty in recruiting enough 
teachers. 

Even in this situation, however, the Council is not 
prepared to recommend postponement of the intro- 
duction of the three-year course from 1960 to 1961, 
and it believes that by taking urgent action on the 
lines suggested the position up to 1968 can be made 
reasonably satisfactory if a building programme of 
this size is put in hand in time. In acknowledging 
the letter, the Minister said that he was considering 
the Council’s advice as a matter of urgency and on 
September 21 he announced that 12,000 new places 
would be provided in the training colleges to be 
completed by 1962 at a cost of about £15 million. 

It is this note of urgency that is needed at all stages 
if the nation is to receive the full return from the 
increasing effort now being devoted to education. 
Notably is this true of technical education. Although 
a pamphlet recently issued by the Central Office of 
Information and the Ministry of Education fully 
supports what Sir Willis Jackson said at Glasgow as 
to the need for industry effectively to discharge its 
responsibilities to enable employer and employee, 
and through them the nation, to gain the full 
benefit, something more than the exhortation and 
guidance given in that pamphlet may be required 
to make industry, and particularly the small firms, 
take an adequate part. 

It is not sufficiently realized yet that the bulk of 
technical training is given, and will continue to be 
given, in factories and offices. Most technical, much 
technological, and all apprenticeship training is in 
fact based on industry ; the Ministry of Education 
and the local education authorities can only provide 
the framework of a system of technical education. 
Moreover, for every additional technologist, it is 
necessary to produce six additional supporting tech- 
nicians or craftsmen—the latter mainly by the 
apprenticeship system—if there is not to be waste 
of highly skilled man-power. 

It is from this point of view that grave doubts 
exist as to whether we are yet in sight of getting the 
full return from the Government’s proposals, and 
whether by themselves they are adequate, particu- 
larly in view of the marked indifference of the 
smaller firms and the poor quality of the technical 
training they give. It is partly a question of 
economics, of the measures to be taken both to 
organize the supply of recruits and teachers, and 
equally to’ see that the most effective use is made 
of our existing institutions and man-power, and to 
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ensure that the man-power once trained is not wasted. 
Much of the attention given to education at the 
recent British Association meeting at Glasgow might 
be regarded as concerned with these aspects: it 
underlies, for example, the discussions on education 
in a technological age, and was much in Prof. W. R. 
Niblett’s mind in discussing the value, function and 
opportunities of residential halls in the modern 
university. 

In the former discussion, Prof. F. A. Vick’s plea 
for greater flexibility in courses has a firm economic 
basis, as tending to reduce the risk of expensive 
failures. Experience at the University College of 
North Staffordshire, he pointed out, shows the value 
of experiment and the possibilities of doing more to 
break down the barriers between the arts and the 
science sides and to encourage the wider outlook which 
industry, for example, increasingly demands of its 
entrants. It is interesting to recall in this connexion 
that in a recent broadcast talk in which he discussed 
the teaching of undergraduates in the humanities, 
Prof. P. H. Nowell-Smith, professor of philosophy in 
the University of Leicester, insisted that some study 
of science should be compulsory for all such students. 
For good or ill, our lives, both public and private, 
are, in fact, very much influenced by scientists, and 
if intelligent decisions are to be made, those making 
them must have some understanding of what 
science is. 

That, in other words, is a plea for more effective 
teaching on the grounds of efficiency, and nothing 
less underlies the present developments and experi- 
ments in halls of residence. Prof. Niblett is convinced 
that this activity is worth while from its contribution 
to the quality and character of the graduates ; but 
it can still be open to experiment as to how best the 
educational contribution of a good hall of residence 
can be made, and whether we have yet found the 
best economic answer from the point of view of 
investment in buildings, quite apart from that of 
man-power. This aspect was emphasized even more 
markedly at Glasgow in a provocative paper, ““The 
Economics of Education’’, by J. Wiseman, and it 
is also the theme of a recently published book by 
J. Vaizey on “The Costs of Education’’*. 

Mr. Wiseman is concerned first with the volume 
and nature of the resources devoted to education 
and with the most efficient use of those resources, 
postulating individual freedom of choice. He argues 
that we have accepted the role of the State as the 
provider of general education too uncritically, and 
that the place of educational provision in a free 
society needs re-examination. While his proposals are 
intended to achieve a more satisfactory allocation of 
our resources to education and at the same time 
meet better both the desires of parents and the 
interest of the community in education, they are too 
revolutionary and controversial to facilitate that 
steady and urgent improvement in matters of detail 
which at present seems to be the first need. The 
respensibilities of the State would still include, in 


* The Costs of Education. By John Vaizey. Pp. 256. (London: 
George Allen and Unwin, Ltd., 1958.) 30s. net. 
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his proposals, legislation requiring school attendance 
up to some minimum age and the maintenance of 
minimum standards ; but for the rest, the contribu- 
tion of the State would be limited to the provision 
of ‘education vouchers’ valid at any ‘approved’ 
school which the parents selected. The central 
government would accept sole responsibility for the 
financial share of the State, but local authorities 
would be allowed to charge fees if they wished and 
could. In the creation of new educational facilities, 
private building would be encouraged and public 
activity limited to what was necessary to make the 
system work. 

Mr. Wiseman puts a point of view that merits 
consideration and might yet offer the soundest 
objective ; but the immediate issues are too urgent 
to permit the long debate that would be necessary 
to secure the general agreement required before a 
policy based on his views could be formulated. Mr. 
Vaizey’s study is much more practical. It provides 
in the first place the hard facts about the trend in 
educational expenditure in the United Kingdom 
since 1920. Moreover, as Prof. R. M. Titmuss 
observes in a foreword, the classification of this 
material by categories of resources, kinds of education 
and classes of beneficiaries allows Mr. Vaizey to 
comment trenchantly on current techniques of central 
and local control over expenditure, and the role of 
the teaching profession in the administrative struc- 
ture. He sees, for example, a very strong case for 
relaxing the Ministry’s detailed financial control. 

Beyond this, existing weaknesses in the educational 
system of Britain, on some of which Sir Hugh Beaver 
commented forcefully earlier this year, are again 
displayed and pertinent questions about the rate of 
investment by the State in education are suggested ; 
and the criteria discussed by which the real cost and 
value of education are to be judged—whether at the 
level of advanced scientific and technological training, 
or at that of primary and secondary education in 
the schools. Mr. Vaizey indicates the dangers which 
need particular attention and points out which 
investment is likely to bring a most effective return. 
Evidence may be found to support Mr. Wiseman’s 
argument ; but the great value of the study is the 
assistance which it brings to the identification of 
educational priorities. The determination of such 
priorities is a first duty if limited resources are to 
be wisely and efficiently expended, and for this such 
a factual survey is essential. 

Even a few of Mr. Vaizey’s broad conclusions 
suffice to indicate the need and value of a study in 
which the concept of cost is related to the national 
income. Until 1950, for example, expenditure, as 
ordinarily understood, on education involved a lower 
proportion of the national income than in most 
pre-war years; in 1955 it was less than in 1932, if 
such social expenditure as school meals, milk and 
the health service is excluded from the calculation. 
Even at 2-8 per cent, it compares with 2-2 per cent 
in the 1920’s, 2-6 per cent in 1932 and 2-2 per cent 
in 1939; and including capital expenditure, the 
figure of 3-4 per cent compares with 2-7 per cent in 
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1930 and in 1938. Whereas in 1920 the central 
government provided 50 per cent of the revenue, 
local authorities 42 per cent and 8 per cent came 
from fees, in 1955 the corresponding figures were 58, 
36 and 6 per cent. 

Expenditure on public education in Britain rose 
from £84-6 million in 1921 to £168-1 million by 1946 
and £410-6 million in 1955; but since 1945, rising 
expenditure has no more than kept in step with 
rising productivity. Over this period, while the 
proportion expended on primary education decreased 
from 42-8 to 30-7 per cent, that on secondary 
education increased from 17-7 to 22-3 per cent, on 
the universities from 5-2 to 8-2 per cent; that on 
further education remained constant at 6-0 per cent 
(after a decrease to 4-7 per cent in 1948 and a peak 
of 6-2 per cent in 1953) and that on the training of 
teachers rose from 0:4 per cent to 1-3 per cent. 
Between 1920 and 1955 the universities doubled 
their student population, and at 1948 prices their 
expenditure rose from £5-2 million to £25-4 million, 
with a doubling of expenditure in the seven post- 
war years and a 50 per cent increase in real terms, 
chiefly in consequence of the rising cost of scientific 
research and the greater amount undertaken. More- 
over, the finding that university fees only represent 
one-seventh of the true cost has considerable 
bearing on current discussions on _ university 
awards. 

Mr. Vaizey’s study goes a long way towards sup- 
plying the perspective in which to judge current 
proposals for the expansion of particular aspects of 
education, such as the teachers’ training colleges, the 
technical colleges and the universities, and also the 
soundness of the criticism advanced of such pro- 
posals, and of existing institutions and policy. In 
particular, it is apparent how important it is that 
no opportunity should be overlooked of ensuring 
both that the nation’s steadily rising investment in 
education is wisely expended, and its distribution 
so timed as to secure the fullest return; and also 
that there is no waste of the trained man-power that 
results. Even when the utmost care has been taken 
to avoid waste of skilled man-power and to ensure 
that it is effectively deployed and supported with 
the technicians and ancillary workers and equip- 
ment necessary to ensure full efficiency, the pro- 
duction of the full number of scientists and tech- 
nologists which are required to maintain Britain’s 
industrial productivity will tax our resources to the 
utmost. No less care must be taken, therefore, to 
see that standards and conditions of teaching are 
such as to ensure the utmost efficiency, and to secure 
the fullest possible co-operation from industry and 
commerce, where the responsibility in what Sir 
Willis Jackson has rightly insisted is a partnership 
begins. In so far as the backwardness of particular 
firms or sections of industry in co-operating con- 
tributes to the waste of national resources and 
mvestment in education, the responsibility should 
be made plain, and if possible policy concerted 
to put the consequent cost where it properly 
belongs. 
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THE EDUCATION OF ADULTS 


Adult Education 

A Comparative Study. By Prof. Robert Peers. 
(International Library of Sociology and Social Re- 
construction.) Pp. xiv+365. (London: Routledge 
and Kegan Paul, Ltd.; New York: Humanities 
Press, 1958.) 35s. net. 


igen years ago Prof. R. Peers retired after serving 
as head of the extra-mural department of the 
University of Nottingham for thirty-five years. He 
was then elected to a professorial research fellowship, 
and has since renewed acquaintanceship with various 
adult education movements in different countries, 
brought his knowledge of others up to date, pondered 
on the experiences of a life-time spent in adult educa- 
tion, and written this book. By clever design or 
skilfully arranged accident, the sub-titles on the dust- 
cover and fly-leaf are different. One refers to the 
work as a comprehensive study of adult education ; 
the other to a comparative study. The author can 
fairly claim that he has written both. 

The first part refers to the early origins of adult 
education in Great Britain and faithfully relates 
these to their social, economic, political and religious 
impulses. Then follows an account of the present 
characteristics of adult education in Britain to-day. 
This, as Peers freely admits, is almost entirely con- 
nected with the liberal adult education movement 
which has grown up under the auspices of organiza- 
tions like the Workers’ Educational Association and 
university extra-mural departments. Little or no 
mention is made of those informal activities which 
contribute so much to educational experiences in 
community life. 

Peers then goes on to discuss the kind of student 
who makes up the liberal adult education movement 
and follows with a survey of the possibilities of adult 
learning. Foreign students of the British educational 
system who are bemused by the private nature of our 
public schools will be equally bewildered to learn that 
the Workers’ Educational Association (and university 
extra-mural departments) to-day provide compara- 
tively little for manual workers ; members of trade 
unions are inadequately represented in their classes, 
and unskilled workers scarcely at all. The student 
body is largely middle and lower middle class. 

The survey of adult learning is more concerned with 
the ‘when’ of learning than the ‘how’. Peers’s review 
shows how little is known of the learning process in 
adults and, after discussing the meagre information 
which does exist, indicates how his colleagues in the 
field could collect information which, when collated, 
might make considerable differences to the way in 
which adult education classes are conducted both 
inside and outside university walls. Although not 
agreeing with the zealots who believe that all adults 
are capable of continued education at an advanced 
level, Peers produces certain experimental evidence 
to support his own belief that, even among those 
who do not possess a high grade of generalized 
academic ability, there are specific abilities which can 
be developed throughout the life of the individual 
and which are perhaps no less important than those 
qualities of mind which have hitherto been given 
pride of place. Perhaps, inadvertently, Peers has 
again pin-pointed the need for investigations into the 
learning processes of adults of both sexes at different 
times of their lives and with different full-time 
educational backgrounds. 
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The comprehensive nature of this review of liberal 
adult education in Britain is rounded off with sections 
dealing with the place of tutors and the methods used 
in adult education. These bring out the relatively 
low status still accorded to extra-mural departments 
in many British universities; this may be con- 
nected with the fact that a number of extra-mural 
departments are still far from clear as to their own 
role either as a university department or in the 
educational movement as a whole. 

The comparative study begins with a brief review 
of adult education in the Scandinavian countries, 
certain British Dominions and Japan; there is 
also an account of the not-too-successful attempts 
to form international organizations for adult educa- 
tion. Through his recent visits, Peers has gained 
up-to-date knowledge of adult education movements 
in ths United States and Germany and right- 
fully devotes considerable attention to them. He 
suggests that in the United States the university 
extension movement is too all-embracing and popular; 
in Germany the universities are too academic and 
remote from the world at large to be of use to the 
ordinary man. With the British traditional liberal 
adult education movement based on the universities 
it is difficult to equate other systems with that of 
Britain; an Indian making comparative studies 
might come to different conclusions from those who 
have been steeped in the British way. 

The concluding sections of the book contain the 
author’s philosophy of adult education for a modern 
age. To this all-too-brief chapter one turns with full 
expectation of gaining much from the mature 
reflexions of one who has given so long and so 
generously to adult education. Nor is one disap- 
pointed. In contrast to the social and economic 
impulse which gave purpose to the early adult educa- 
tion movement in Britain and which helped to bring 
about many reforms in the national education system, 
Peers believes that the future of adult education will 
no longer lie in providing belated opportunities for 
learning which the community has failed to provide 
at the proper time. Instead, the purpose of continued 
education in adult life is seen as a necessary part of 
the education of the citizen of the democratic State, 
“that part which belongs to adult life because it cannot 
be undertaken at any earlier stage”. Adult education 
should, therefore, be available for all who are capable 
of profiting by it, and Peers is undoubtedly right in 
stating that this number is very much greater than 
those who are taking advantage of the opportunities 
available at present. 

Whether he rightly appreciates the part which 
existing adult education organizations will play in 
the educational activities of future adults remains 
to be seen. Despite the insidious onset of Admass, 
the extension of television has led to ‘full houses’ at 
theatres where ballet and opera are performed. 
Current political and social problems are discussed 
by more people in industrial canteens than many 
who are not daily in touch with the working man are 
prepared to believe. Many industrial education 
Officers are also aware of the extreme suspicion which 
intelligent shop-floor workers have of any movement 
which savours of the academic or institution. Using 
the interests created by television, the extension of 
adult education may take place most freely in con- 
junction with the growth of more informal activities 
provided in places where men work or spend their 
leisure. In this, science must have a much greater 
place than hitherto; this can only come about if 
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more of our adult educationists are themselves men 
of science. Whatever the means of the spread, there 
is little doubt that all who are concerned with the 
true ends of adult education will gain from Peers’s 
all-too-short account of the future in adult education. 
They will also benefit from a remarkably well-written 
book which is both comparative and comprehensive. 
T. H. Hawkins 


VoL. 182 


THE HAND AND HUMAN 
NATURE 


The Human Hand 

A Psychological Study. By Géza Révész. Translated 
by John Cohen. Pp. xii+138. (London: Routledge 
and Kegan Paul, Ltd., 1958.) 21s. net. 


S a leading theme for the attention of psycholo- 

gists interested in trying to relate the highest 
attributes and capacities of man to their biological 
foundations, the human hand presents notable 
advantages. It is indeed surprising how little serious 
work has been devoted to it. Along with high-grade 
sensory functions and a massive reorganization and 
development of the brain, it is a central feature of 
the sequence of adaptations which eventually placed 
man in a position in many respects dominant among 
animals. It is at once an important sense-organ and 
a tool of far-reaching potentiality. But at the same 
time it crops up in a host of interesting, and sometimes 
suggestively odd, connexions in myth, religion and 
custom, and in artistic and symbolic expression. The 
activities of this one part of the body are thus 
embedded in every level of human behaviour, and to 
trace in continuous fashion their inter-relations could 
scarcely fail to illuminate more general problems of 
human nature. 

Yet up to the present, helpful contributions to the 
subject have been limited in scope to special aspects. 
Sir Charles Bell seems to have found insufficient 
material to fill his “Bridgewater Treatise” of 1833, 
for it contains much on other topics. Later anatomists 
whose vision extended outside the dissection-room, 
notably Wood Jones and Elliot-Smith, did much to 
elucidate the role of the hand in human evolution, the 
latter especially in relation to the emergence of 
complex cerebral organization and refinements of the 
distance-receptors. Its ‘connexions with the origins 
of language, including as they do many puzzling 
issues concerned with handedness and _ cerebral 
dominance, remain obscure despite a lot of attention 
from clinical neurologists and others during the past 
century. Studies of gesture language have tended to 
oscillate between pure description and wild specula- 
tion. On a rather different plane there have been 
persistent attempts to formulate and generalize 
intuitive connexions between the physical form of 
the individual hand and the character and tempera- 
ment of its owner. An absence of coherent scientific 
structure in such speculations makes decision as to 
their merits more than difficult. 

It was to direct attention to this fascinating and 
potentially rich field that the late Prof. G. Révész 
wrote this engaging little book, now skilfully and 
sympathetically translated by Prof. John Cohen. 
Révész’s own interest grew out of his studies in tactile 
perception and in the artistic capacities of blind 
people. But, apart from a rather strange failure to 
refer to the forms of breakdown of the percept 
and executive powers of the hand produced by cerebral 
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disorder, he touches on most aspects of the subject. 
Inevitably in so brief a work his touch is light. There 
are chapters on the comparative and developmental 
aspects ; these suffer somewhat from lack of reference 
to the central nervous functions without which the 
hand itself would be inert and useless. Some varied 
points concerned with the general significance of the 
hand in human life are interestingly sketched, and 
the bulk of the book is devoted to discussion of 
specific functions such as perceiving, manipulating, 
plastic activity and expression. The book ends with 
a short and stimulating chapter on the magical 
significance of the hand. Prof. Révész is never dull, 
if not always satisfying. He has sketched a field 
worthy of a much larger work. There are a number 
of nice pictures. Perhaps this is why a guinea has 
had to be charged for scarcely forty thousand words 
of text. R. C. OLDFIELD 


No. 4642 


SCIENCE IN AFRICA 


Science in the Development of Africa 

A Review of the Contribution of Physical and Bio- 
logical Knowledge South of the Sahara. By Dr. 
E. B. Worthington. Pp. xix+462. (London: 
Commission for Technical Co-operation in Africa 
South of the Sahara, and the Scientific Council for 
Africa South of the Sahara, 1958.) 30s. net. 


WENTY-FIVE years ago many of those con- 

cerned with developments in Africa felt that 
progress was impeded because there was no overall 
account of conditions in the various territories. One 
result was Lord Hailey’s “African Survey”, first 
issued in 1938 and fully revised in 1956. Dr. Worth- 
ington, also in 1938, produced his “Science in Africa’, 
designed to supplement Lord Hailey’s volume. 
The book now issued is a revised, rewritten and ex- 
panded successor to the earlier work. 

Particularly since the end of the War in 1945, 
organizations have grown up to foster co-operation 
in the African territories. Dr. Worthington was the 
first secretary-general of the Scientific Council for 
Africa South of the Sahara, and it is on behalf of that 
Council and of the Commission for Technical Co- 
operation in Africa South of the Sahara that this 
book is issued. 

Parallel with the great political developments 
which have taken place in Africa since 1938 the scope 
of scientific work has increased immensely, so it was 
clearly a monumental task that Dr. Worthington 
undertook when he attempted to condense all this 
into a book of less than four hundred pages of text. 
Only a man with his experience of Africa, as a research 
worker and as an administrator of science, could 
have done this. There is some account of every 
major, and many a minor, project in the physical 
and biological sciences in all the territories concerned. 
In all the cases in which I have any knowledge the 
information given, so far as it goes, is accurate and 
carefully checked, and what might ave been a list of 
disconnected statements is turned into a readable 
story. This should be of considerable value to anyone 
who wants to obtain a bird’s-eye view of scientific 
developments in the continent of Africa. 

_ We are shown how scientific organization has 
increased, facilities have improved, and research has 
developed. At times the reader may feel that with 
still 2 comparatively small number of investigators 
in the field or at the bench, the organization is some- 
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what top-heavy, and it is difficult not to sympathize 
with the view often expressed by actual research 
workers that some of the resources expended to 
encourage co-ordination would be better used to 
support original work. Also, while there have been 
noteworthy applications of some of the discoveries, 
science has still made little contribution to the increase 
in productivity in many of these countries which 
must take place if the ambitious plans of politicians 
are ever to be implemented. The hope of those who 
set up the Scientific Council was that, by inter- 
national co-operation, these developments might be 
accelerated. 

The reader who will be most disappoinced with 
this book is the one with a specialized knowledge of 
some particular problem. Dr. Worthington has had 
to cover such a wide field that many subjects are 
inevitably given sketchy and incomplete treatment. 
Numerous examples could be quoted. For example, 
though there has been a great deal of research on 
poultry-keeping in the tropics, here we find only ten 
lines of very general information in the section 
“Other Kinds of Stock”’, and two lines on Newcastle 
disease in the section on “Virus Infections”. In 
another context the importance of medical training 
of indigenous people is referred to, but there is no 
mention of the ambitious medical school at Dakar, 
allied to the Universities of Bordeaux and Paris, or 
of the teaching hospital at Ibadan in Nigeria, though 
this must be the largest and best equipped building 
devoted to scientific work in the African tropics. 
Such deficiencies do not, however, greatly detract 
from the value of the book to the reader who wants 
only a general picture, and the bibliography may 
help those who wish to study particular topics more 
fully. 

Dr. Worthington believes, as do the members of 
the bodies which sponsor this work, in inter-terri- 
torial co-operation. He concludes (after briefly 
sketching the progress of scientific work) with these 
words: “In the 1950’s the territorial and regional 
barriers are breaking down through inter-African 
co-operation. By the 1960’s we may see African 
science taking its full and proper place in the develop- 
ment of the continent’’. While echoing this final 
hope, there would seem to be some doubt as to whether 
the barriers are in fact breaking down. Elsewhere 
Dr. Worthington mentions that nationalism and 
tribalism, by dividing larger colonial territories into 
smaller self-governing States, may discourage scientific 
co-operation. I am inclined to think that these 
inevitable changes may not, in tho long run, be very 
important. African scientific development has 
reached a stage where co-operation cannot be forced 
on it, any more than it could on the various countries 
of Europe. Some territories ‘“‘South of the Sahara” 
have as much in common with countries in Asia or 
America as with their neighbours. Dissemination of 
information about scientific work in Africa, as in 
other areas, is now probably best through the normal 
international channels. Artificial regionally based 
organizations may well be obsolescent. __ 

This revision, after twenty years, of Dr. Worthing- 
ton’s survey of 1938, is perhaps of greatest value in 
showing that science in Africa is growing up. As the 
countries of Africa take their place in the international 
field, specifically ‘African science’ is seen to be some- 
thing of a myth, and we have now to deal simply 
with science—which is now being studied in the 
African continent. 

KEennETH MELLANBY 
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TROPICAL FOREST ARCHAOLOGY 


Archzological Investigations at the Mouth of the 
Amazon 

By Betty J. Meggers and Clifford Evans. (Smith- 

sonian Institution: Bureau of American Ethnology, 


Bulletin No. 167.) Pp. xxviii+664+112 plates. 
(Washington, D.C.: Government Printing Office, 
1957.) n.p. 


HE authors of this report studied an extensive 

area consisting of the islands of Marajé, Mexiana 
and Caviana at the mouth of the Amazon, and the 
territory of Amapé which lies north of it. It is an 
area in which living conditions are far from pleasant 
and transport can be excessively difficult. The 
natural conditions are a great hindrance to archeo- 
logical work, but the authors overcame them with 
great determination. 

The area was previously known only for the remark- 
able pottery burial urns and associated objects 
belonging to what is now called the Marajoara Phase 
on Marajé Island, whence have arisen theories that 
the island was a centre of cultural development, 
radiating its influence far and wide. The expedition 
proved that the truth was the precise opposite ; not 
only were seven more lowly phases of culture shown 
to have come fully fledged into the area and to have 
maintained themselves at their initial level until ab- 
sorbed or displaced by the next invader, but also the 
more elaborate Marajoara Phase was demonstrated 
to have arrived similarly and at once embarked on a 
process of degeneration, ending up at the same level 
as the others. Most of the objects belonging to the 
living tribes of the lower Amazon are very perishable 
—wood, gourds, feathers and so on—and they soon 
disappear when discarded, leaving only pottery and 
rare objects of stone. The same conditions un- 
doubtedly existed in antiquity, and the present 
work is of necessity based mainly on pottery, but the 
application of the most rigorous and painstaking 
methods of analysis enabled much to be learnt. In 
this connexion attention must be directed to a mis- 
print in Fig. 141 which vitiates an argument, the 
pottery titles Inajé Plain and Camutins Plain having 
been interchanged. 

The main outlines of the authors’ conclusions have 
been known for some time to specialists through short 
communications, and what this report does is to 
set out the evidence fully and state some of its wider 
implications. Some years ago, Julian Steward gave 
strong support to the theory that a tropical forest 
could only support a culture on what he called the 
“Tropical Forest’ level, similar to that of the living 
forest tribes, and that a more advanced culture 
coming in would, owing to limitations of food supply, 
decline to tropical forest level. The authors see the 
behaviour of the various cultural phases, and 
particularly the decline of the Marajoara Phase, as a 
triumphant vindication of this theory. In addition, 
they have developed an ingenious method of building 
up a time-scale by meang of the rate of accumulation, 
not of deposits but of potsherds; they themselves 
realize the limitations of this, but it seems to work on 
the whole, and it gives an indication that the earliest 
pottery-making tribes in the islands cannot have 
arvived before about a.p. 700, whereas the mainland 
of Amapé was not occupied by such people until 
much later. A further conclusion is that the archeo- 
logical record does nothing to support the theory that 
the tropical forest pattern of culture spread from the 
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north down the Guiana coast and up the Amazon. 
By a study of the distribution of traits the authors 
have indicated probable sources for the various 
phases, and in particular they believe that the 
Marajoara Phase originated in the Andean areas of 
Ecuador and Colombia. 

A point which has already involved the authors 
in controversy is their contention that the way in 
which a tropical forest envirenment limits a culture 
constitutes a law of universal application, not con- 
fined to the area where they have applied it so 
successfully. The Maya appear to be a notable 
exception, and although Meggers has maintained that 
they did not develop their high civilization in the 
tropical forest part of their habitat, many Maya 
specialists disagree, and whatever their origin, the 
Maya succeeded in maintaining their culture there 
for a long time. Parts of the Old World, such as 
Nigeria and south-east Asia, would repay further 
study in this connexion. G. H. 8. BusHNELL 


BIRDS IN SPAIN 


Portrait of a Wilderness 

The Story of the Coto Dofiana Expeditions. By Guy 
Mountfort. Pp. 240+59 plates. (London : Hutchin- 
son and Co. (Publishers), Ltd., 1958.) 30s. net. 


ANY people saw and enjoyed Mountfort’s 
I beautiful colour film, “Wild Spain”. His 
present book gives a report on the expeditions to 
Coto Dofiana, where the film was made. There were 
three expeditions (in 1952, 1956 and 1957), the last 
one being the largest and best equipped. All of them 
consisted of qualified students and experienced photo- 
graphers, and since the main interest was in birds, 
the ornithological staff of the expeditions was well 
selected, the names of the members speaking for 
themselves. 

Coto Dofiana, a wonderful spot on the Atlantic 
coast of Andalucia, is truly a bird paradise of incom- 
parable beauty and richness of bird and animal life. 
Since the fifteenth century it has been known as a 
famous hunting ground of the kings of Spain, and, 
owing to the efforts of its successive owners, it has 
preserved its unique character of a wilderness un- 
altered and undevastated by man, where plants and 
animals live freely and undisturbed by modern 
civilization. In addition, it lies in a very favourable 
part of the continent of Europe from the point of view 
of natural history phenomena, and this makes it one 
of the most interesting nature preserves in Europe. 
During the spring migration the numbers of birds and 
species represented are incomparable. Some rare 
birds breed there, others appear periodically during 
the migration. 

The aims of the expeditions were to study birds, to 
photograph them, as well as to collect materials 
referring to other zoological groups. In this respect 
they were successful also, and the collections made 
will add valuable scientific information about this 
area. The birds, however, are the main objective 
of the present book and they are described with love, 
zeal and pure scientific exactitude. It is the author's 
great merit that, writing on scientific matters and 
observations, he does so not only in very simple and 
readable manner but also with humour and much 
interest. Consequently, his book is by no means a 
dry and scientifically overloaded account digestible 
by specialists only. On the contrary, it will be 
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greatly enjoyed. by everyone interested not only in 
birds but also in general zoology, geography, folklore 
and so forth. These values, together with the author’s 
literary abilities, have resulted in a beautiful book 
which will be read by everyone, not only with profit 
but also with great pleasure. 

Special mention must be made of the photographs 
illustrating the text. Most of them were made by 
Eric Hosking, a name that speaks for itself. All are 
at the highest level of technical and ornithological 
skill and talent—they are simply wonderful. The 
ornithologists of the expeditions were fortunate 
enough not only to watch some very rare species 
but also to photograph and film them. Photographic 
material collected by the expeditions contains pic- 
tures of species that have never before been photo- 
graphed. Some of these unique scientific documents 
are included into the book, others could be seen on 
the colour film already mentioned. 

Many black-and-white drawings by Penelope 
Mountfort and the author himself add much charm 
to this tastefully edited and executed book. It 
should not only be recommended ; it certainly will 
be a desirable and greatly enjoyed acquisition in 
every library. W. RyDZEWSKI 


No. 4642 


ELECTRODYNAMICS OF MOVING 
MEDIA 


Electromagnetism and Relativity with particular 
reference to Moving Media and Electromagnetic 
Induction 

By Prof. E. G. Cullwick. Pp. xxiii+300. (London 

and New York: Longmans, Green and Co., Ltd., 

1957.) 63s. net. 


HERE is a need in the literature, the author 

reminds us in the preface to his book, for a 
systematic study of the electrodynamics of moving 
media. The title of the volume under review leads 
one to expect that this need would be met by Prof. 
Cullwick’s book. Unfortunately, it disappoints, and 
leaves the impression that the author has been 
primarily concerned with elucidating a familiar theory 
by a number of isolated problems some of which are 
now classical. 

The book does not lack general interest; but 
certain misleading and controversial conclusions do 
much to detract from its value as a reference book. 
The book is divided into four parts and it will be 
convenient to deal with each in turn. The first part 
is concerned with the uniform rectilinear motion of 
charged particles and moving media, and includes 
chapters on special relativity and the relativistic 
transformation of Maxwell’s equations. Earlier 
chapters in this part summarize some elementary 
results in electricity and include a discussion of the 
definitions of electric and magnetic forces in polarized 
media. The treatment here differs in several impor- 
tant respects from that usually found in treatises on 
electricity and appears to be unnecessarily involved. 
It leads to the curious, though correct, conclusion 
that the polarization vector, as defined in this book, 
should vanish fora conductor under the influence of an 
electrostatic field. 

It would have been more logical and instructive to 
have deduced the first-order effects of charges in 
uniform rectilinear motion from the relativistic 
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formula derived in the chapter on relativistic electro- 
dynamics instead of devoting a separate chapter to 
the subject. Again, in his account of the advent of 
the theory of relativity, Prof Cullwick specially 
singles out Poincaré’s work, and in this respect 
appears to follow the lead given by the late Sir 
Edmund Whittaker in his “History of the Theories 
of the Aether and Electricity”. Prof. Cullwick also 
dissents from the generally accepted explanation of 
the so-called ‘clock paradox’ in relativity and 
allies himself with Prof. H. Dingle in this contro- 
versy. 

The second part of the book is on electromagnetic 
induction. Here the author appears to have been 
more successful, and the reader will find much 
that is useful. The distinction between electro- 
motive force and potential difference is well drawn 
and illustrated by interesting examples. Likewise, 
the essential difference between the problem of 
@ non-magnetic conductor rotating in an external 
magnetic field and the problem of a magnet rotating 
about its axis is made clear and is instructive. Prof. 
Cullwick has also rightly included in this part brief 
accounts of Bullard’s theory of the maintenance of 
the geomagnetic field by dynamo action, and of 
magnetohydrodynamic waves. A fuller account of 
this new science, especially the parts which are 
essentially theorems in electrodynamics, would have 
enhanced the value of the book. 

The third part of the book relates to the relativistic 
theory of second-order electromotive forces in 
moving circuits. A simple relation is shown to exist 
between the measurement of induced electromotive 
forces in systems in uniform relative motion, 
and this relation is illustrated by well-designed 
examples. 

The fourth part is devoted to electromagnetic 
energy and momentum of moving systems. After 
discussing the reasons for introducing the Poynting 
and electromagnetic momentum vectors to retain the 
conservation laws of energy and momentum, the 
author devises examples to illustrate systems in which 
ponderomotive forces are ‘unbalanced’. The reviewer, 
however, found the discussion here obscure and 
involved. 

Prof. Cullwick also appears to be under a misap- 
prehension about the nature of the magnetic energy 
of a system of electric currents. On p. 260 we read 
that ‘“‘the hypothesis is introduced that the magnetic 
energy of a current circuit is the same as the kinetic 
energy of the effective conduction electrons, by virtue 
of their mean velocity along the wire’. The author 
then derives from this hypothesis a linear relation 
between the magnetic vector potential and the mean 
velocity of the charges, this relation involving an 
“effective mass” which is left undefined. The 
reviewer is unable to agree with the findings of the 
author, and the hypothesis appears to be rather 
misleading. It is used in the chapter on super- 
conductors to derive the familiar equations due to 
F. and H. London. Here the application is legitimate 
and indeed the linear relation mentioned above was 
first derived in connexion with the phenomenological 
theory of superconductors. But the relation cannot 
be universally true since it would seem to carry with 
it the implication that all conductors are super- 
conductors. 

To sum up, there is much that is of value and of 
interest in this book, but for reasons given in this 
notice, the book cannot be recommended unreservedly. 
V. C. A. Ferraro 
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Tables of Partitions 

Initiated and Computed by Hansraj Gupta. Com- 
puted Independently by C. E. Gwyther and J. C. P. 
Miller. (Royal Society Mathematical Tables, Vol. 4.) 
Pp. xxxix+132. (Cambridge: At the University 
Press, 1958. Published for the Royal Society.) 
63s. net. 


HIS is undoubtedly the most comprehensive 

tables of partitions ever published. The principal 
function tabulated is p(n,m), the number of par- 
titions of the positive integer n into at most m 
integral parts (or into integral parts none of which 
exceeds m). Table 1, occupying 87 pages, gives 
p(n,m) for n = 1(1)200, m = 0(1) min (n, 100) and 
for n = 200(1)400, m = 0(1)50. Table 2, of 32 pages, 
is intended for use as an auxiliary table, by means 
of which p(n,m) can be calculated readily for values 
of m not given in Table 1. It gives values of p.(n,m) 
for n < 1,000, the maximum value of m varying 
from n for n < 50 to 0 for 500 <n <1,000. Here 
P2(n,m) is the number of partitions of into parts 
consisting of two varieties of integers not exceeding 
m and one variety of each larger integer; in par- 
ticular, p,(n,0) = p(n), the number of unrestricted 
partitions of n. A third table, of ten pages, tabulates 
a range of values of p,(,m), the number of partitions 
of n into parts consisting of three varieties of integers 
not exceeding m and two varieties of each larger 
integer. The range is n = 1(1)50, m = O(1)n; 
n=650(1)100, m=0(1)19; nm=100(1)150, m=0(1)6; 
and n = 150(1)200, m = 0. The final tables gives 
p4(n,0) = p;(n,n) for n = 1(1)200. 

The introduction gives an interesting review of the 
extensive literature on these functions, and in par- 
ticular of explicit formule for p(m,m) as function of 
n for fixed m (m < 12). It concludes with a descrip- 
tion of the method of construction of the tables, in 
which, in the fourth line from the foot of p. xxxiv, 
Pi(n) = p,(n,0) should read p,(n) = p;(n,0). 

The rather tricky problems of layout in a table of 
double entry involving large numbers have been 
ingeniously overcome, and the tables should be easy 
to refer to. J. A. Topp 


Set Theory 

By Felix Hausdorff. Translated from the German 
by John R. Aumann eal. Pp. 352. (New York: 
Chelsea Publishing Company, 1957.) 6 dollars. 


AUSDORFF’S famous work, “Grundziige der 

Mengenlehre’”’ (Leipzig, 1914), needs no intro- 
duction to the pure mathematician. In the third 
edition the first nine chapters are an almost un- 
changed reprint of the second edition. A tenth 
chapter has been added, dealing with the Baire 
condition for sets and for functions, the restricted 
Baire condition, and with half-schlicht mappings. 
This is a valuable and interesting addition. 

R. G. CooKE 


Linear Programming and Economic Analysis 
By Prof. Robert Dorfman, Prof. A. Samuelson and 
Prof. Robert M. Solow. (The Rand Series.) Pp. 
ix +527. (London: McGraw-Hill Publishing Com- 
pany, 1958.) 77s. 6d. 
rT HIS book is one of the series presenting the 
results of research by the Rand Corporation. It 
is intended for economists who wish to learn some- 
thing of recent developments in the application of 
mathematics to economics. The first few chapters 
present the method of linear programming, with 


NATURE 





October 18, 1958 


some applications worked out in detail, and the 
special methods available for transportation prob- 
lems. There is a chapter on non-linear programming 
and two chapters on input-output analysis as 
developed by Leontief. Other chapters deal with 
dynamic aspects of linear models and with pro- 
grammes for capital accumulation. An essential 
idea here is optimization over time. Linear pro- 
gramming is discussed in relation to the theory of 
general equilibrium and to welfare economics. 
Finally, there are chapters on the theory of games 
and its relation to linear programming. These last 
chapters are added for the sake of completeness, and 
this is the only justification, for, as the authors point 
out, “. . . the 13 years that have elapsed since the 
publication of the “Theory of Games” (by von 
Neumann and Morgenstern) have seen no important 
applications of game theory to concrete economic 
problems’”’. 

The reader should find the book easy going, for 
the exposition is nowhere concentrated and the 
impression is that the authors have been allowed as 
many pages as they desired. This allows detailed 
explanation and the inclusion of many fully worked 
examples. But it also makes the book expensive 
and it means that the reader will have to spend a 
long time absorbing relatively little. The reviewer 
feels that the rate of communication between the 
authors and the reader will be too slow to be very 
satisfying. It might have been better to have said 
as much in fewer words. L. 8. Gopparp 


VOL. 182 


Salmonellosis in Anima's 

By Dr. A. Buxton. (Review Series No. 5 of the 
Commonwealth Bureau of Animal Health.) Pp. 
vii+209. (Farnham Royal: Commonwealth Agri- 
cultural Bureaux, 1957.) 25s. 


HIS book is a review of salmonellosis in animals, 

and, in particular, of the vast literature which has 
accumulated from 1888 to the present day on the 
many aspects of this subject. The author has been 
careful to include information from field studies and 
the natural history of disease as well as from the 
laboratory and the experimental work; he has 
interpreted these in relation to the naturally occurring 
disease. 

A chapter is devoted to technical methods of classi- 
fication of the Salmonella group of organisms, of 
which more than 500 have been described. Reference 
is made to certain details of antigenic structure, their 
possible relationship to virulence, and the effect 
which certain minor variations in the structure of the 
organisms have had on the detection of infection in 
the field. 

The distribution of Salmonella serotypes among the 
various animals, birds, reptiles, insects, and ticks, 
summarizes our present knowledge. The epidemiology 
is well covered; obviously the author has been 
personally concerned with this aspect. Careful con- 
sideration is given to general aspects such as the state 
of the host, its diet and environment and the influence 
such factors exert on clinical infection. 

Many problems remain unsolved in the animal 
disease ; as yet there is no final proof of the value of 
vaccines or of antibacterial substances. The author 
is to be congratulated on bringing into one book 
so much information, previously available only in 
scientific journals ; also for including data on wild and 
unusual animals so often neglected in the text-books. 

Joan TaYLor 
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. NUCLEAR POWER AND THE ENGINEER* 





By Sir CHRISTOPHER HINTON, K.B.E., F.R.S. 


LTHOUGH in a narrow sense nuclear power has__responsible for its engineering. It consists simply of 
only introduced an alternative fuel, much more a mass of graphite moderator built up from accurately 
than this has been done since 1946 when the Atomic machined blocks in which rods of uranium enclosed 
Energy Organization of the United Kingdom was in aluminium cans lie in a suitably spaced lattice. 
first formed within the Ministry of Supply: a whole The heat of fission is removed by blowing air over 
new and complicated industry has been created. the uranium rods and the heated air is passed through 
The first factory, which was built at Springfields, was filters and discharged to atmosphere. The reacting 

} for the extraction of uranium from its ore and the core is enclosed within a concrete biological shield 
subsequent purification of the uranium salts and their and control is exerted by moving rods of boron steel 
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tion in the atomic piles, these fuel elements contained shield walls. 
d plutonium, which was needed for defence purposes, The experience which was gained in designing and 
d and a reduced quantity of uranium-235. They were building BEPO was extremely valuable. At first it 
mi treated in chemical plants, in which the plutonium is worrying to feel that one is designing a complex 
< was extracted in an impure form and afterwards and expensive plant where, if breakdown occurs, it 
. purified and converted into ingots of metal. The is impossible to get access for repairs. This feeling 
o solution containing fission products was concentrated led to a standard of accuracy in the construction of 
Vy by evaporation and put into storage, while the BEPO which was not justified. Indeed, the most 
4 uranium, with its depleted content of uranium-235, important experience which we gained in carrying 
was purified. Before it could be re-used in reactors out this project was the knowledge of how far it was 
this depleted uranium had to be re-enriched in its possible to depart from the theoretical requirement 
fissionable isotope, and this was done in the diffusion stated by the scientist while still meeting his practical 
™ plant which was built at Capenhurst. requirement. This is the basis of all engineering art. 
In the ten years between 1946 and 1956 the Our next commitment was to build the large 
% problems of these ancillary plants were inconceivably reactors required for plutonium production for defence 
‘ greater than the problems involved in the design and purposes. It was at first intended that these should 
construction of nuclear reactors, and of all the be of a design similar to those at Hanford in the 
Ss, difficulties which we met during those years I believe United States, that is, thermal reactors, graphite- 
as that those connected with the design and construction moderated and water-cooled. But at that time it 
he of the chemical separation plants were by far the was not possible to build reactors of this type which 
on greatest. But these plants are likely always to had inherent stability. During operation they might 
1d remain behind the scenes; it seems probable that become super-critical and disperse radioactive fission 
he they will continue to be operated by the Atomic products over a fairly large area of the countryside. 
as Energy Authority, and as each plant is able to Because of this, the Americans had located their 
ng process the materials required for, and produced by, reactors in a remote situation, and had adopted 
several reactors, the number of these plants is likely safety distances from towns of various sizes. There 
sl- to be limited. It is in the development and use of was no evidence at the time to suggest that these 
of the reactors themselves that public interest has been safety distances could be relaxed, which made it 
ce mainly concentrated, and it is in this field that the difficult to select convenient sites in a densely 
eir greatest development is likely to take place in the populated country like Great Britain. 
ct future. We know that during the War the Americans 
he One of the reasons why the reactor problems had wished to build a large gas-cooled reactor but 
in presented the least of all our difficulties in those were discouraged by the difficulty of obtaining the 
early days was that in designing them we were able huge blowers that were required. The attractions of 
the to proceed in a stepwise way towards the evolution gas-cooling were, however, so great that we started 
ks, of advanced systems, whereas in the development of an intensive study of the problem. We came to the 
By the ancillary processing plants we were bound to conclusion that by putting fins on the cans of the 
pen. Jump directly from laboratory-scale work to the fuel element aid by compressing the coolant gas we 
on- design and construction of full-scale units planned to could design gas-cooled graphite-moderated reactors 
ate meet the requirement for many years ahead. When, which would not only produce plutonium but would 
nce in 1946, we started to design the graphite-moderated, also at the same time generate electrical power. Power 
air-cooled experimental reactor at Harwell, we had could not be generated, however, unless the tem- 
mal the benefit of the experience which had been gained _ perature of the gas leaving the reactor was reasonably 
> of through participation in the design of the Chalk high, and the problems of achieving these tem- 
hor River experimental pile, and the fact that even peratures involved more research than we had time 
ook to-day this is probably the best general-purpose for. We realized that by temporarily sacrificing our 
in research reactor in the world is a tribute to the skill objective of generating electrical power and by using 
a and ingenuity of Newall and Ginns, who were mainly air at atmospheric pressure as our oer we eae 
OKS. é be able to build a reactor for the production 0: 
BR Ot arg) = a discourse delivered to the British Association. on plutonium which would be inherently safe and which 








conversion into metallic uranium, which was enclosed 
in cans for insertion into the reactors. After irradia- 


(which is an effective absorber of excess neutrons) 
into the reacting core through one of the biological 
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would not need to be built in a remote locality. This 
led to the construction of the Windscale reactors, 
which are, in fact, scaled-up versions of the large 
Harwell experimental reactor which we had already 
built. 

The scale of the construction can be judged by the 
fact that the chimneys are more than 400 ft. high 
and the total weight on the foundations was about 
58,000 tons. But, apart from their scale, they repre- 
sented only a reasonable step forward from the 
practice which had been evolved in designing the 
Harwell experimental reactor. The most important 
development as compared with Harwell was in the 
introduction of burst slug detector gear. It was only 
at a comparatively late stage in the design that the 
need for this gear was established and the technique 
for detection was evolved. This technique involves 
taking samples of the exit air from all of the channels 
in the reactor so that, if a defect develops in any of 
the fuel elements, the fission products which escape 
can be deposited electrostatically on a wire, which is 
then monitored by a Geiger counter. It was impossible 
to sample the exit air from all channels without 
introducing moving parts to the reactor. The guiding 
principle in all our design philosophy had been to 
avoid any moving parts within the active zone, and 
the decision to use this air-sampling gear was a 
difficult one, but in spite of it the essential simplicity 
of the design remains. 

Meanwhile, we continued to work on the problem 
of developing a gas-cooled reactor for the production 
of useful power. By 1953 we had arrived at a prac- 
tical scheme. In that year there was an additional 
demand for plutonium for defence purposes and we 
decided that this requirement should be met by 
building graphite-moderated gas-cooled reactors 
which would produce electrical power as a by-product, 
and this was done on the Calder Hall site. 

In the Calder Hall reactors the heat of fission is 
removed from the fuel elements by cooling them in 
pressurized carbon dioxide gas instead of with atmo- 
spheric air as in the Windscale reactors. The uranium 
fuel elements are arranged vertically in the mass of 
the graphite moderator and the whole of the reactor 
core is enclosed in a steel pressure vessel which is 
more than 40 ft. in diameter. Hot gas leaving this 
vessel is passed through ducts to the heat exchangers, 
in which it gives up its heat to water and so generates 
steam, which is used in conventional turbo-generators 
to make electric power. The carbon dioxide gas 
cooled in this way passes through other ducts to the 
blowers, which force it back once more into the 
reacting core. 

When the construction of the first Calder Hall 
reactor was only in its early stages we felt certain 
that it could form the basis of the programme for 
the large-scale development of industrial nuclear 
power, and this scheme was published in the White 
Paper of 1955. 

Up to that time all British nuclear power plants 
had been designed, built and operated by the Atomic 
Energy Authority, although all the component parts 
had been manufactured by industrial firms. It 
was decided that this was the appropriate stage at 
which industry ought to be brought in and trained 
in reactor design so that the Atomic Energy Authority 
coud proceed with its main task of developing more 
advanced types, while the industrial firms built the 
reactors which would be used by the electricity 
supply authorities. Four of these industrial power 
stations are now being built. 
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The electrical output of these industrial reactors 
will be far greater than that of the Calder Hall 
reactors. In the Bradwell reactor the pressure vessel 
which contains the reacting core has been made 
spherical and is of considerably greater diameter; a 
larger core is thereby made possible and heat transfer 
is improved by using a higher pressure in the cir- 
culating carbon dioxide. But essentially, the principles 
of design of this reactor and of the other reactors 
which are being built for industrial use are identical 
with those which were evolved for Calder Hall and 
which have now been in satisfactory and uneventfu 
operation for two years. 

When I gave the Clayton Lecture to the Institution 
of Mechanical Engineers in February 1954, I said : 
“In looking at the Windscale piles you will be struck 
by their essential simplicity. This is, indeed, the key 
to pile design. The problems as initially presented 
to the designers rarely looked simple, sometimes they 
looked almost frightening in their difficulty and more 
often they were frightening in their high content of 
the unknown. The main skill in pile design has been 
in reducing such problems to terms in which they 
could be interpreted into engineering structures so 
simple, so well understood, that even the unknown 
ceased to give cause for alarm”. This is true to-day 
of all good reactor design ; in looking at the designs 
of Calder Hall and of the industrial reactors the most 
striking feature is once more their simplicity, and 
simplicity in reactor design must always be achieved. 
Simplicity is the essential of all good design. 

Having looked at the course of reactor design since 
it started in 1946, let us try to predict its future. We 
have seen that in our earliest reactors, though we 
released large quantities of heat, we were not able to 
use this heat for the generation of a useful electrical 
power because we could not recover it at a sufficiently 
high temperature. By the time that the design of 
Calder Hall was put in hand, developments in research 
had made it possible to achieve temperatures which 
enabled us to generate useful power, but these tem- 
peratures are still low by comparison with con- 
ventional power plant practice. 

If we look at the history of these conventional 
power plants we find that their capital cost has 
steadily fallen with the passage of years. More than 
anything else this reduction in the capital cost of 
steam power plants has been linked with the rise in 
the initial temperature which it has been possible to 
achieve in the steam cycle. This rise in initial tem- 
perature with the passage of time is shown in Fig. 1. 
The limit has been imposed by different factors at 
different times: in the earliest days it was controlled 
by the pressure which could safely be sustained in 
cast-iron vessels; later it was limited by the per- 
formance of cylinder lubricating oils in reciprocating 
engines; but for the past forty years it has been 
controlled by the metallurgy of the materials available 
for superheater, steam pipe and turbine construction. 
This rise in the initial temperature in the steam cycle 
has made it possible for higher working pressures to 
be used, and this in turn, operating hand in hand 
with other developments, led to bigger boiler and 
turbine units, and it is this growth in unit size and 
rating which, more than anything else, has brought 
down capital costs. But besides bringing down the 
capital cost of conventional steam plants, the higher 
top temperatures which have been achieved in the 
steam cycle have increased the efficiencies which 
have been achieved. James Watt’s engines 
6 Ib. of coal per horse power hour ; to-day the modern 
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steam generating plant consumes only } lb. of coal 
per horse power hour, and this rise in efficiency has 
sprung almost entirely from the rise which has been 
possible in the initial temperatures in the heat cycle. 

When the Windscale reactors were built we were 
not able to recover the heat of fission at a high 
enough temperature to enable us to generate any 
useful electrical power. The considerations which 
held us down to these low temperatures were the 
possibility of reaction between the graphite moderator 
and the cooling air and, secondly, the possibility of 
trouble with the fuel elements. These fuel elements 
consisted of rods of uranium metal about 1 in. in 
diameter enclosed in aluminium cans. Aluminium 
was used as the canning material mainly because it 
has a low cross-section for neutron absorption ; 
magnesium was considered as an alternative material 
but was rejected because of the possibility that the 
cans might catch fire and cause great damage. But 
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while the use of aluminium had the advantage of 
avoiding this difficulty, it had the corresponding 
disadvantage that it was known that aluminium 
formed a metallic compound with uranium and that 
this chemical reaction proceeded more rapidly as the 
operating temperature rose; and it was mainly this 
consideration which held us down to the temperatures 
which were used in the Windscale piles. 

The construction of the Calder Hall reactors, in 
which the heat of fission was recovered at a sufficiently 
high temperature to enable it to be used to generate 
useful electrical power, was made possible mainly by 
researches which overcame this difficulty. An alloy 
of magnesium was developed which made the 
possibility of the ignition of the can much more 
remote, and in addition, the use of carbon dioxide as 
a coelant instead of air still further reduced the risk 
of fire. Since that date the experience which has 
been acquired in the fabrication and use of fuel 
elements of the Calder Hall type has made it possible 
to assume in the design of the reactors for the elec- 
tricity authorities that it will be possible to achieve 
temperatures slightly higher even than those which 
are used at Calder Hall. We find, then, that the short 
history of nuclear power shows an upward trend in 
the top temperature which can be achieved from our 
reactors in exactly the same way that we find that 
the much longer history of conventional power plants 
shows an upward trend in the top temperature of 
the heat cycle (Fig. 1). 

Besides the top temperature which can be achieved 
in the cooling gas leaving the reactor, there is another 
major factor in reactor design which affects the 
capital cost per kilowatt of power produced. This is 
the rating of the fuel elements. If the rating of the 
fuel elements can be doubled (that is to say, if twice 
as much heat per second can be produced from each 
kilogram of uranium in the reactor) then obviously 
twice as much heat and approximately twice as much 
power can be produced from a reactor of given size 
and the capital cost per unit of heat output will 
thereby be reduced. There are many factors which 
affect the fuel element rating which can be adopted, 
but of these the most important is the temperature 
at the centre of the uranium fuel element. The heat 
of fission is generated throughout the whole mass of 
uranium and the heat released in the centre of the 
fuel element must be conducted to the surface for 
removal in the stream of cooling gas. This flow of 
heat demands a temperature gradient, and it there- 
fore follows that the temperature of the centre of the 
uranium rod must be higher than the temperature at 
its surface. The higher the rating of the fuel element, 
the greater must be the temperature gradient across 
it in order to conduct heat from centre to surface. 
Higher fuel element ratings, therefore, mean higher 
centre temperatures in the uranium and, when this 
is accompanied by the higher surface temperatures 
which are necessary in order to enable us to achieve 
higher temperatures in the exit cooling gas, we soon 
find that we are operating at uranium temperatures 
which are likely to be troublesome. But Fig. 2 shows 
how fuel element ratings have risen in the past, and 
if reactor technology is to continue to develop in 
the future this trend must be continued. 

We are therefore faced with the conclusion that 
improvement in industrial nuclear power plants can 
only be made possible by increasing top temperatures 
and the heat ratings of our fuel elements and that 
this demands fundamental development in fuel 
element design. These developments involve research 








1050 





|HINKLEY POINT 


@G-! MARCOULE 
(HARWELL) 





1960 
YEAR ——~ 


1940 1950 1970 1975 


Fig. 2. Rise in fuel rating with passage of time 

which is largely of a metallurgical character, and so 
once again in the nuclear field we find that, as has 
so often happened in the development of conventional 
power plants, the engineer must rely on the metal- 
lurgist for research and development work before he 
can make real progress. In my 1954 Clayton 
Lecture I said, “The limiting factor in reactor 
design is the performance of the fuel element 
and this is likely to be the case for many years to 
come”’. 

No great improvement in the top temperatures can 
be expected while we continue to use magnesium 
alloy canning material. It will be necessary to use 
either stainless steel, which is an uneconomical 
absorber of neutrons, or some material having a low 
neutron cross-section and a high melting point, such 
as beryllium. But beryllium is an expensive metal 
and one which is costly and dangerous to handle. It 
will be n to minimize the quantities which 
are used, and this will mean higher ratings so that 
the maximum amount of heat is obtained from every 
fuel element. With high ratings it will be impossible 
to employ uranium rods of the diameter which are 
at present used, and even if the fuel elements are 
made with smaller dimensional cross-sections it is 
probable that the ratings which are adopted will be 
so high as to give rise to fuel element centre tem- 
peratures which would be dangerous with metallic 
uranium. It will therefore be necessary to use either 
® ceramic or a cermet fuel element, and this will 
additionally be necessary because the steps that will 
have to be adopted in order to achieve the requisite 
top temperatures and heat ratings will make the fuel 
elements far more expensive, and we will require a 
far higher burn-up of the fissile material than can be 
achieved with metallic uranium in order to bring 
their cost per unit of electricity generated down to a 
reasonable level. 

These developments involve an immense amount of 
difficult research and development work, but it is 
essential that this work should be carried out expedi- 
tiously and successfully. The cost of electricity 
generated in the nuclear power plants which are under 
construction is estimated to be between 0-66d. and 
0-7¢. per unit. Based on current prices, power will be 
produced from the best conventional plants which are 
being built to-day at a cost of only 0-54d. per unit, and 
it is therefore obvious that the present nuclear power 
plants can only be justified as the foundation for 
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improving nuclear technology. But in calculating 
the nuclear power cost of 0-66d. to 0-7d. per unit it 
has been assumed that these nuclear power plants 
will be used for base load only and will not be asked 
to take any share of the peak load. In a conventional 
power plant only about one-third of the cost of each 
unit of electricity generated arises from capital 
charges, the other two-thirds arising from fuel and 
operational charges. In the nuclear power plants 
which are at present being built, this proportion is 
approximately reversed and two-thirds of the cost of 
each unit of electricity generated arises from capital 
charges, while only about one-third arises from fuel 
costs and operating charges. It is therefore obvious 
that if the present nuclear power plants are asked to 
take a share of peak load and therefore to work at a 
lower load factor, they will be placed at a great 
disadvantage as compared with conventional plants. 
This was not a matter of great concern at the time 
when the first plan for nuclear power was issued as a 
White Paper in 1955. That plan envisaged that by 
1965 about 1,800 megawatts of nuclear power plant 
capacity would be installed. At such a rate of 
expansion it would be possible to use nuclear power 
plants on base load for a considerable time. But for 
various reasons the plan was expanded in 1957 and 
now envisages an installed nuclear capacity of about 
5,000-6,000 megawatts by 1966. At this rate of 
expansion, nuclear power plants will have to carry a 
share of peak load by 1971 or 1972. This means that 
the nuclear power plants which are inquired for in 
1966 and ordered in 1967 must have capital costs 
which are so much reduced as to enable them to 
compete with conventional power plants when taking 
a share of the peak load. 

Each nuclear power plant which has hitherto been 
ordered has shown improvement in capital costs as 
compared with the previous plant, but virtually all 
this improvement has arisen from straightforward 
engineering development of the Calder Hall design 
and scarcely at all from basic scientific or metal- 
lurgical improvement. The field for these straight- 
forward engineering developments must be a limited 
one. Beyond a certain point, it will be impossible to 
progress unless fuel element technology has been 
developed to a point which will enable higher top 
temperatures, higher fuel element ratings and higher 
fuel element burn-ups to be achieved, and to meet 
the requirement of the expanded programme this 
must be done by 1966. In the Axel Johnson Lecture 
which I gave before the Royal Swedish Academy of 
Engineering Sciences in 1957 I suggested that if the 
rate of progress which has been achieved in the 
nuclear field in the past can be continued, and if the 
cost of coal continues to rise as it has done, nuclear 
power should begin to be cheaper than conventional 
power in the reactors which are commissioned in 
1963. But this prediction was based on the rate of 
expansion of nuclear capacity which was envisaged 
in the initial White Paper and does not assume the 
greater fall in load factor which is involved in the 
expanded programme of 1957. Moreover, there has, 
I think, been a tendency to assume that these fore- 
casts were predictions of what would happen rather 
than indications of what should happen. The work 
described in that paper was done to determine what 
was a reasonable target for the research and develop- 
ment departments and for the engineers. The results 
predicted can only be achieved if development 
continues with the same energy, skill and success in 
the future as in the past. 
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It is of vital importance that this rate of progress 
should be achieved. The engineering technology of 
the construction of nuclear power plants differs in 
many important respects from that of the construc- 
tion of conventional plants, and the engineering 
capacity of manufacturers in the power plant field is 
being swung into the manufacture of nuclear plants 
to an important degree. If, by the 1960’s, nuclear 
plants are not developed with capital costs so low as 
to enable them to compete with conventional plants 
when carrying a share of peak loads, then we shall be 
faced with the alternatives of continuing to build 
nuclear power plants which will produce more 
expensive electricity than the conventional power 
plants that could then be designed, or of swinging 
the manufacturing technology back from the nuclear 
to the conventional field. 

The expanded nuclear programme of 1957 was 
adopted for reasons which were considered to be 
good. It will, however, be a mistake not to realize 
that, besides involving a far greater rate of capital 
investment, this larger programme demands a higher 
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rate of scientific and technological development. 
Progress is necessary not merely in the field of the 
gas-cooled reactor but also in the development of the 
fast reactor which, so far as one can see at the 
moment, is the only device which will enable us 
successfully to use up the by-product plutonium 
which is produced in reactors of the Calder Hall type. 
Moreover, the advance must be made with that same 
regard to safety in the future which has been achieved 
in the past ; public opinion is so sensitive to nuclear 
risks that even a minor accident might lead to a set- 
back in the programme which would involve immense 
difficulties. The problems and the challenge of the 
next ten years are as great as those of the first ten 
years. The industrial use of nuclear power cleared its 
first hurdle in 1956 when Calder Hall went into 
operation; it must clear its second hurdle with 
equal success in 1966 when we must be able to build 
reactors the design of which is so advanced, and 
the capital cost of which is so low, that they are 
able to take their share in carrying peak loads of 
electricity. 


CONTROLLED NUCLEAR FUSION REACTIONS 


HE presentation of full and authoritative 

accounts of research on controlled nuclear fusion 
reactions was a major feature of the second Geneva 
Conference on the Peaceful Uses of Atomic Energy. 
This was so partly because of the potential economic 
importance of the subject, and partly because the 
conference provided the first opportunity for scientists 
of all countries to discuss freely their progress to date 
and their hopes for the future. Many of the principal 
speakers emphasized that this belated demise of 
security restrictions is itself a major step forward. 
Both Britain and the United States formally an- 
nounced total declassification of all research in this 
field, and presented data on every aspect of their 
research programmes. 

Approximately one hundred papers were presented, 
distributed among countries as follows: United 
States, 66; U.S.S.R., 16; United Kingdom, 9; 
France, 5; Sweden, 4; and one or two from each 
of a number of European countries and Japan. 
While the papers varied considerably in length and 
significance, these numbers probably reflect at least 
qualitatively the national research efforts, except 
perhaps for West Germany, where the work of three 
research centres was covered by only one paper. 

Nearly half the papers were presented orally. The 
information contained in them was supplemented by 
an informal session on co-operative processes in 
plasmas, by films illustrating work in the U.S.S.R. 
and the United States, by the publication of four 
volumes! of papers from the Russian Academy of 
Sciences describing work since the inception of fusion 
research in the Soviet Union, by an authoritative 
survey of the American programme written by 
A. 8. Bishop’, and by equipment and data on show 
at the exhibition. The exhibition displayed the 
principles of and practical experimentation in fusion 
research on a scale which, thanks to the American 
section, must surely be unprecedented for a con- 
ference on any scientific subject. Fourteen working 
experimental set-ups were exhibited, fully instru- 
mented and staffed by research workers. The prin- 


ciples involved, particularly unfamiliar ones such as 
the rotational transform used in the ‘Stellarator’, 
were admirably explained with subsidiary equipment, 
and a wealth of detail was exposed in static exhibits. 
Delegates lacked neither stimuli for discussion nor 
food for thought. 

The possibility of producing controlled power from 
the deuterium — tritium and deuterium — deuterium 
fusion reactions exists because envisaged conditions 
in a thermonuclear reactor are calculated to produce 
more nuclear energy than that used in heating and 
containing the hot gas. No doubt was cast on this 
principle in the case of deuterium — tritium reactions. 
But the energy balance for the deuterium — deuterium 
reaction is much more marginal, and papers dealing 
with this problem provided no encouragement that 
it will be achieved more easily than earlier calcula- 
tions suggested. A relativistic calculation of the 
power radiated in harmonics of the electron cyclotron 
frequency suggested an energy loss hitherto ignored 
which could in some circumstances be serious. All 
detailed schemes presented envisaged working only 
with deuterium — tritium reactions, and on present 
ideas will require an adequate economic supply of 
lithium-6. 

The problem of generating thermonuclear energy 
can be tackled in the first instance by using sufficiently 
rapid compression and high density of deuterium to 
avoid serious inefficiency from lack of thermal in- 
sulation. Academician Artsimovitch reported that 
experiments showed that deuterium — deuterium 
reactions, presumed to be thermonuclear, can be 
produced by heating and compressing deuterium 
with conventional explosives. Dr. E. Teller can- 
vassed the possibility of underground nuclear 
explosions, which he suggested could be used for 
what he aptly called geographical engineering, and 
to produce a source of geothermal power. In papers 
dealing with straight unstabilized pinched discharge, 
it was reported that the energies needed to produce 
a net output of energy before the magnetic confine- 
ment is destroyed by instabilities are calculated to 
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correspond to the explosion of at least ten tons of 
high explosive. Moreover, experiments suggest that 
the power used in a straight pinched discharge is 
limited by evaporation of wall material. 

To obtain a more manageable release of energy, 
much longer time scales are needed ; and the majority 
of papers dealt with the problem of confining hot 
plasmas with electromagnetic fields, for times long 
compared to the decay-time of inertial effects and to 
the growth-time of instabilities. The great majority 
of these papers were devoted to three principal con- 
figurations of magnetic field: the toroidal pinched 
discharge in which the confining field is primarily the 
self-magnetic field of the discharge ; the Stellarator 
configuration, where the confining field is generated 
by external solenoidal windings on a torus or some 
other form of closed tube; the ‘Magnetic Mirror’ 
configuration, where the configuration is that pro- 
duced in an ordinary straight solenoid, with the field 
strongly enhanced at the ends of the solenoid to form 
reflecting zones for the great majority of particles. 

Experimental results on the toroidal pinched dis- 
charge were reported by groups working at Los 
Alamos, Livermore, Harwell, Associated Electrical 
Industries (Aldermaston), Moscow, Saclay and Up- 
sala. Informal discussion suggested that the large 
apparatus ‘ALPHA’, built this year at Leningrad, 
had only just come into operation, and no results 
from it were presented. The discharge currents 
reported ranged up to three or four hundred kilo- 
amperes, with rise-times varying from about 10 psec. 
in small apparatus to 1-2 msec. in the 1-metre bore 
ZETA. Results obtained by various groups agreed 
well on the main points, which are: the pinch effect 
constricts the current channel away from the wall 
of the tube; the use of a longitudinal stabilizing 
field produces a measure of gross stability, but the 
plasma is not wholly quiescent ; the electron tem- 
peratures are not more than about 0-5 x 10°° K., 
in spite of the large power input (100 megawatts in 
ZETA, 900 megawatts in ‘Perhapsatron S-4’) and 
the high ion energies (1-5 x 10°° K.) measured in 
ZETA and SCEPTRE; deuterium — deuterium re- 
actions are produced in the plasma, but the energy 
distribution of the neutrons is anisotropic. 

A number of authors dwelt on the cause of the low 
electron temperature. This is clearly due to a loss 
of energy from the plasma to the tube walls, but 
none of a variety of possible energy loss mechanisms 
has yet been clearly identified. Dr. S. A. Colgate, 
of Livermore, reported a substantial loss of energy 
due to electrons of about 5 kV. energy striking the 
walls ; he also reported evidence which demonstrated 
the importance of gas which continually leaves the 
walls during the discharge. Straight-tube discharge 
experiments reported from Los Alamos demonstrated 
the onset of small-scale instabilities after an initial 
period of stability. Theoretical papers showed that 
in the hydromagnetic approximation complete stab- 
ility could not be predicted for any of the magnetic 
field configurations so far observed in these pinched 
discharges. In addition, a number of authors proposed 
that run-away electrons could generate violent plasma 
oscillations which could destroy containment. There 
is also a possibility of the plasma pressure in the 
discharge becoming too high for containment. 

“hé work on the ‘Stellarator’ configuration, carried 
out largely by Prof. L. Spitzer’s group at Princeton, 
has shown that gross containment of a plasma 
is possible by this means, using a variety of con- 
figurations to produce the rotational transform. 
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The containment is limited by a variety of difficulties, 
the first being contaminants which get into the 
plasma from the walls. To overcome this, a very high 
standard of vacuum techniques has been developed, 
including baked-out stainless steel assemblies, and 
the ‘Divertor’, which is a special configuration of 
magnetic fields which diverts impurities emitted from 
the walls into cold traps. Secondly, the simplest 
‘Stellarator’ configuration is hydromagnetically un- 
stable, and additional stabilizing windings have been 
used. Thirdly, ohmic heating by toroidal currents is 
accompanied by runaway electrons which, as in the 
pinched discharge, may create violent plasma oscil- 
lations which lead to loss of containment. Relevant 
to this last difficulty, successful experiments on power 
absorption at the ion cyclotron frequency and other 
resonances were reported, which show great promise 
of providing an alternative heating mechanism free 
from difficulties connected with run-away electrons. 
Experiments on resonance absorption, in a simple 
discharge system, were also reported by a group of 
workers from Kharkov. 

Extensive observations of ohmic heating in 
‘Stellarators’ were reported which indicate electron 
and ion temperatures of about 0-5 x 105° K.; how- 
ever, because of the above difficulties, the plasma is 
not yet well confined and reaches the wall in about 
10-* sec. Theoretical papers from Princeton dealt 
fully with the principles of the configuration, the 
problem of stability and the heating of the plasma 
by oscillating electromagnetic fields. ‘Stellarator’ 
work reported from the U.S.S.R. dealt mainly with un- 
pinched discharges in high magnetic fields ; results on 
stability and temperature were very similar to those 
reported from Princeton. 

Work on the ‘Magnetic Mirror’ configuration was 
reported by several American groups and, briefly, by 
Russian workers from Moscow. The most detailed 
work on the confining properties was reported in a 
series of papers from Livermore. Using relatively 
slowly rising magnetic fields (adiabatic approxima- 
tion), extensive results have been obtained which 
demonstrate the confinement, compression and 
heating of initially injected plasma. The leakage of 
particles out of the mirrors has been studied in 
detail, and found to be in rough accord with that 
expected on binary collision theory. A striking 
result of this work is that no gross instabilities have 
yet been encountered ; consequently, Dr. R. F. Post 
and his colleagues have been able to demonstrate a 
control of the plasma unmatched in other systems. 
Microwave measurements and the flux and energies of 
particles escaping through the mirrors indicate dens- 
ities of up to 10 em.-*, containment times of about 
10-* sec., and electron and ion energies of about 
10 keV. and 1 keV. respectively. These workers are 
careful to point out that they have not achieved 
a sufficiently high ratio of gas pressure to magnetic 
pressure in sufficiently general circumstances to 
conclude that large volumes of plasma at useful tem- 
peratures and pressures could be stably confined in 
‘Magnetic Mirror’ configurations. Moreover, there is 
some radial diffusion to the walls which exceeds that 
calculated for binary collisions. 

Due to the leaky nature of the ‘mirrors’, par- 
ticularly at low temperatures, the injection of 
particles or plasma into a ‘mirror’ machine presents 
a major problem. Papers from the Oak Ridge group 
reported considerable progress on injection of D,* 
ions at high energies. These molecular ions are 
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mirrors, leading to trapping of deuterons. The ion 
beams are not yet sufficiently intense to counteract 
losses due to charge exchange and scattering from 
neutral atoms and impurities within the mirrors. 
With sufficiently intense beams, a ‘burn-out’ of the 
neutral and impurity atoms should occur. The 
Russian workers in Moscow propose, in their large 
OGRA machine, to provide a sufficiently long path 
for the D,* ions to be dissociated without the use of 
a carbon arc. Experimental work at the U.S. Naval 
Research Laboratory demonstrated that rapidly 
applied mirror fields can provide sufficiently rapid 
shock heating of a cold plasma to produce consider- 
able trapping and compression to high densities and 
temperatures. A Los Alamos group reported detailed 
studies of the neutron emission from such fast-rising 
mirror fields. Yet another method of heating plasma 
in the ‘mirror’ geometry was reported by other groups 
working at Los Alamos and Livermore, in which radial 
currents are generated by a central axial electrode. 
Such currents also produce a rotation of the plasma, 
as in a Faraday disk. Experimental observation on 
rotating plasmas were also reported in papers from 
the University of California Radiation Laboratory at 
Berkeley. 

None of these three principal configurations is 
obviously hydromagnetically stable, at least in the 
simplest version; and reports of the experimental 
observations were complemented by a formidable 
array of theoretical papers dealing with stability 
problems. Unfortunately, calculations are straight- 
forward only in the simple hydromagnetic approxi- 
mation ; but the stability may, in fact, depend cruci- 
ally on such factors as finite Larmor radius, viscosity, 
anisotropic pressure, toroidal geometry, and other 
factors which are extremely difficult to include in 
the already complicated hydromagnetic equations. 
Other theoretical papers dealt with the run-away 
electron problem, and the excitation of plasma 
oscillations by such run-aways. 

None of the other confinement schemes reported 
has been investigated experimentally in detail, and 
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most are in the speculative stage. A machine called 
the ASTRON, now under construction at Livermore, 
was discussed by Dr. N. Christofilos ; it incorporates 
@ unique feature in that the magnetic configuration 
is provided both by external coils, and also by @ 
sheath of injected relativistic electrons circulating in 
the plasma. 

A number of papers discussed in detail the practical 
problems of plasma diagnostics, and while much good 
work was reported, it was clear that there is still 
substantial scope for progress in this aspect. A 
useful contribution was made by a British paper 
surveying the role of materials in controlled thermo- 
nuclear research, describing in particular the concept. 
of ‘unipolar’ arcs as a process by which impurities are 
released from the walls. 

Thus, the material presented at the Conference 
showed that in spite of intensive research in a number 
of countries, there are still many unsolved problems. 
The three configurations chiefly discussed all have 
their peculiar difficulties, and neither experimental 
nor theoretical work is sufficiently far advanced to 
decide whether these difficulties can be overcome. In 
no device has there been an unequivocable demonstra- 
tion of a controlled thermonuclear reaction regardless 
of energy balance considerations, although according 
to Academician Artsimovitch “the question of whether 
@ given neutron belongs to the noble race of descen- 
dants of thermonuclear reactions or whether it is the 
dubious offspring of the shady acceleration process, 
is something that may worry pressmen; but it 
should not, at the present stage in the development 
of our problem, ruffle the composure of the specialists”’. 

The emphasis at the Conference was on basic 
research in plasma physics, and after the Conference 
most delegates appeared to agree that this will be the 
most fruitful type of research which can be done in 

this field for a number of years. R. 8. PEASE 


1“Plagma Physics and the Problems of Controlled Thermonuclear 
eal edit. by Leontovitch (U.S.8.R. Academy of Sci 5 








® Bishop, A. S., “Project Sherwood, The U.S. Programme in Controlled 
Fusion” (Addison-Wesley, 1958). 


AIR SHOWERS OF SIZE GREATER THAN 10° PARTICLES" 


(3) COMPARISON BETWEEN THE RESPONSE OF GEIGER COUNTERS 
AND SCINTILLATION COUNTERS 


By M. H. BRENNAN, Dr. D. D. MILLAR, 


M. H. RATHGEBER and C. S. WALLACE 


The F.B.S. Falkiner Nuclear Research and Adolph Basser Computing Laboratories, 
School of Physicst, University of Sydney 


XPERIMENTAL investigations of the extensive 

air showers of cosmic rays have been made by 
several groups in which scintillation counters or 
Geiger counters are used for determining the local 
density of shower particles at several points in a 
horizontal plane. From these data the shower size 
and position of the core of the shower may be 
determined on the basis of an assumed, or experi- 
mentally determined, shower structure function, 
Which relates the particle density to the distance 


* The first article in this series was published in Nature of October 4, 
D. 905, and the second in Nature of October 11, p. 973. 

j t Present address: Palmer Physical Laboratory, Princeton Univer- 
sity, Princeton, New Jersey. 

_ + Also supported by the Nuclear Research Foundation within the 
University of Sydney. 


from the core. A Geiger counter records only the 
traversal of one or more ionizing particles through it, 
while the scintillation counter provides a pulse- 
height which is proportional to the total ionization 
produced by all the particles traversing it. The 
number of particles is then generally taken as the 
total pulse-height divided by some average pulse- 
height obtained from the traversal of the scintillator 
by single cosmic-ray y-mesons. The estimates of 
particle density obtained from different types of 
detector may therefore differ. The present observa- 
tions were made with the Sydney air shower array 
in order to compare the response of a tray of Geiger 
counters with that of the scintillation counters of 
which the array is comprised. 
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The array of scintillation counters and the method 
whereby the size of shower and location of core are 
obtained for each shower has been described. Also 
included in the array was a tray of forty Geiger 
counters of total area 0-382 m.? (see Fig. 1, ref. 1). 
For each shower detected by the array the number 
of Geiger counters struck was also recorded on the 
same punched paper tape which carried the scin- 
tillation counter pulse-heights. The number of 
Geiger counters struck in each shower was then 
correlated with the density of scintillator particles 
at the location of the Geiger tray. This density was 
predicted by the electronic computer SILLIAC, from 
the computed size of the shower and the location of 
the shower core. The density of particles predicted 
at a point occupied by a scintillator has already been 
compared with the observed scintillator particle 
density! and shows good agreement between pre- 
diction and observation. 

The predicted density of scintillator particles has 
been compared with the density of particles as it 
would be measured by Geiger counters by assuming 
that eg = Gps, where pe, is the Geiger particle density 
and pz is the predicted scintillator particle density. 
It remains to find the best value of 8 to fit the 
observations. 

The probability that out of forty Geiger counters, 
each of area a, exactly n Geiger counters will be 
struck by an incident density of py, particles is 
assumed to be binomial and is then given by : 

40! 
P(n) = [7 ao-m1 (1 — exp ( — Beea)}" x 


{exp (— Bpsa)}4o-" 


The total number of showers recorded with the 
Geiger tray in use was 1,009. For each shower, p, 
was computed from the location of the core and 
shower size, and the expression : 

— n loge {1 — exp(— Besa)} + (40 — n)Bpsa 
computed for each of forty values of 6, ranging, in 
steps of 0-03, from 0-1 to 1-27. 

For each value of 8, a total was formed by sum- 
ming these expressions for all showers. These forty 
totals then represent the §-dependent parts of minus 
the logarithm of the probability that the results 
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observed could have been caused by the corresponding 
value of 8. We therefore take that value of 8 having 
the lowest total to be the best estimate of the Geiger 
to scintillator ratio. This value is 0-67. The relative 
likelihood of the next lowest value tried, 0-64, was 
exp (— 12), and that of the next highest value, 0-70, 
was exp (— 2). The value 0-73 had a relative prob- 
ability of exp (— 21). It therefore seems reasonable 
to ascribe to 8 the value 0-68 + 0-02. 

This value has been used in order to transform the 
shower sizes determined by the analysis of our scin- 
tillator observations into the equivalent sizes which 
would be obtained by using an array of Geiger 
counters. Because of the form of the shower structure 
function, this consists of multiplication of our com- 
puted number of particles in the shower by the 
factor 0-68. 

While the result of this analysis gives us a method 
of comparing the estimates of shower sizes obtained 
by different types of detectors, it is quite possible 
that the ratio of Geiger particle density to scintillator 
particle density may vary with distance from the 
shower core, in which case the shower structure 
function as measured by a scintillator array would 
differ from that measured by a Geiger array, and the 
use of the value of 8 obtained by the method described 
above to convert shower sizes into ‘Geiger particle’ 
sizes would no longer be strictly valid. 

If 8 is a function of the radial distance r, then the 
value of 8 we have obtained is a weighted mean 
value, the weights being proportional to the fre- 
quency of occurrence of showers at a particular 
distance and to the density of particles o(r) at this 
distance. A correct size conversion factor should 
have the form: 


Noa _ SrB(r)es(r)dr 
Ns; Sres(r)dr 


The data are at present being analysed for evidence 
of a variation of 8 with distance from the shower 
core. The present indications are that such variation 
as may exist will have an insignificant effect upon 
the shower size spectrum already quoted". 


1 Brennan, M. H., Millar, D. D., and Wallace, C. S., Nature, 182, 905 
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FURTHER OBSERVATIONS ON TUMOUR-ENHANCING FACTORS : 
THEIR BEARING ON THE IMMUNOLOGICAL 


THEORY OF CANCER 
By Pror. H. N. GREEN and R. WILSON 


Department o Experimental Pathology and Cancer Research, University of Leeds, 


E? have described the enhancement of trans- 
planted homologous tumour growth by pre- 
treatment with tumour saline-soluble protein, a lipo- 
protein fraction, a refined pure phospholipid fraction 
or crude phospholipid derived from frozen tumour. 
Sir.ce that time the work has extended and the now 
voluminous details have been incorporated in a 
thesis by one of us (R. W.). The consistency of the 
results is a striking feature of this work. The tumours 
mainly used were the Sheffield Rd/3 sarcoma, the 


and Cancer Research Unit, University of Sheffield 











Walker carcinoma of the rat and the Crocker sarcoma 
of the mouse. 

Frozen tumour (0° C. for 14 days) yields more 
active extracts than fresh. Crude phospholipid is 
only active when derived from frozen tissue. The 
crude substance from fresh tumour becomes highly 
enhancing after final precipitation of the tumour- 
enhancing factor with acetone and magnesium ions, 
but the saline-soluble fraction is active when prepared 
from fresh homogenized tissue. 
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The following facts are all relevant to the possible 
mode of action of enhancing factor. 

The enhanced tumour retains its property in- 
definitely in the same strain of animal. It is a per- 
manent inheritable property. 

Enhancement by enhancing factor from a similar 
tumour is maximal or nearly so; further enhance- 
ment by a second treatment is not obtained. 
Enhanced tumour contains more enhancing factor 
than unenhanced. When a tumour after long trans- 
plantation has achieved its maximal growth-rate, 
enhancing factor is devoid of effect. This accounts 
for failure to obtain enhancement in Sheffield in the 
Rd/3 sarcoma which has been propagated in the same 
strain for many years and for success with a recently 
induced slower-growing sarcoma. 

Enhancement is thus a form of induced rapid 
‘adaptation’ to the immune resistance caused by 
strain differences in the host. A tumour springing 
from an inbred strain does not respond to enhancing 
factor treatment in this strain. 

The enhanced tumour has the remarkable capacity 
of inducing a similar permanent property in a normal 
tumour inoculated in the same animal. When such 
tumours are transplanted separately in opposite 
flanks the normal grows out at the enhanced rate. A 
typical experiment is shown in Table 1. It is not even 
essential that the enhanced tumour be still present, 
for if grown in the tail to a moderate size, followed by 
removal of the tail, a normal tumour afterwards 
transplanted grows at the fully enhanced rate. This 
again is a permanent reproducible property. 
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Table 1. GROWTH OF BILATERALLY TRANSPLANTED ENHANCED AND 
NORMAL Rd/3 SARCOMA AND OF A TUMOUR MIXTURE IN RATS (GROUPS 
fs) 














| 
Original Re-transplant 
Transplant tumour wt./ tumour wt./ 
| 100 gm. carcass 100 gm. carcass 
(12 days) (12 days) 
| Bilateral : 
| Enhanced tumour 141416 146 4+1-4 
| Normal tumour 13-6 + 0°6 149+4+1°5 
Mixture—half and half 
(w/w) 48+09 38416 
| Enhanced : 
Tumour alone 140413 129409 
Normal : 
Tumour alone 50+10 569+10 





A perhaps even more surprising effect is that when 
enhanced and normal tumour are mixed before 
inoculation the tumour grows at a normal or often 
subnormal rate (Table 1). This reversal is again a 
permanent and reproducible change. Some effect 
is observed when the normal forms 10 per cent only 
of the mixture and at the 30 per cent level the effect 
is maximal, 

Soluble protein or phospholipid from normal tissues 
(for example, liver, kidney, spleen) or from another 
tumour type (for example, Walker) also show enhanc- 
ing factor activity, but it is roughly half that of 
enhancing factor derived from the tumour under test. 
Even tumour of a different species contains enhancing 
factor; mouse Crocker tumour phospholipid, for 
example, was as active on a rat sarcoma as phos- 
pholipid from normal rat tissue. Hen egg phos- 
pholipid was, however, not enhancing, so that activity 
may be dependent on a fairly close species relation- 
ship. There is, however, a high degree of tissue 
specificity in enhancing factor, for when derived from 
&similar tumour it is at least twice as active as that 
from another tissue. 
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Table 2. EFFECT OF 1-2-5-6-DIBENZANTHRAOENE (INTRAPERITONEALLY) 
AND YEAST ZYMOSAN (INTRAVENOUSLY) ON THE GROWTH OF ENHANCED 
AND NORMAL Rd/3 SARCOMA 











| 
Amount Type of No. Tumour wt./100 gm. 
sarcoma | rats carcass at 12 days 

20 mgm. DBA/ 
kgm. body wt. | Enhanced 6 172413 

2 11:9 +1-0 
2 2:24+0°2 
Normal 1 42 
3 20+0-4 
4 06+ 0:3 
Regressing 
2 Complete regression 
Nil Enhanced 10 19°5 (+ 3:1) 
Normal 10 9-0 (+ 1°6) 

4 x 20 mgm. Enhanced 4 11-7 +2-1 
kgm./body wt. | Normal 3 10 +13 
zymosan Normal 1 Complete regression 

Nil Enhanced 8 18:3 +1°7 

Normal 8 88 +10 




















The action of tumour inhibitors provides another 
clue to the nature of enhancement. The enhanced 
tumour is much more resistant to the carcinogen 
dibenzanthracene, and to repeated small doses of yeast 
zymosan both of which powerfully inhibit the growth 
of the normal tumour (see Table 2). Such treatments 
augment the resistance of the host to the tumour, and 
enhancing factor must therefore either greatly lower 
the general resistance or protect the tumour from its 
effects. Among many points in favour of the latter 
view the fact that enhancement continues in the 
untreated host is decisive. 

The chemistry of enhancing factor, more particu- 
larly of the active phosphatides which are more 
readily obtainable in bulk than the lipo-proteins, 
has been intensively studied. Why is crude phospho- 
lipid from non-frozen tissue inactive and even 
inhibits tumours ? Freezing destroys or inactivates 
the factor, which can be removed from crude lipid by 
@ final treatment with acetone and magnesium ions. 
There is some evidence that this inhibitory factor is 
an unsaturated fatty acid, which is gradually inactiv- 
ated (? saturated) in the frozen state. 

A ‘cephalin’ tumour fraction containing all the 
arnino-N-phosphatides as obtained by fractionation of 
refined phospholipid on a silicic acid column and a 
related fraction, but devoid of acetyl phosphatides, 
as obtained by chemical extraction, has full enhancing 
activity when mixed with cholesterol but none 
without. The choline-containing lecithin fraction, 
though it contains no cholesterol, acts like it in this 
respect. The sub-fractions of tumour ‘cephalin’’, 
phosphatidyl ethanolamine, phosphatidyl serine 
and inositol phosphatide were inactive, as was also 
crude acetal phosphatide*®. The silicic acid column 
choline-containing fraction is not only non-enhancing 
with or without cholesterol but is sometimes 
strongly inhibitory. Pure lecithin‘ and crude sphingo- 
myelin’ were both inactive. With J. W. Westrop® it 
was shown that the powerful hemagglutinating effect 
of tumour and normal tissue ‘cephalin’ can be 
induced by a lipid-lipid interaction of ethanolamine 

phosphatide and a phosphatidic acid. Agglutination 
is chemically closely associated with enhancing 
phosphatide, and it is quite possible that a similar 
lipid—lipid interaction is involved in enhancement. 

The tumour lipo-protein fraction (50 per cent 
ethanol-soluble fraction of the soluble proteins) con- 
tains not only all the enhancing activity but also 
strong hemolytic and, in the presence of free —SH 
groups, agglutinating activities. It comprises only 2-4 
per cent (dry weight) of the tumour protein and con- 
tains about 10 per cent lipid and probably nucleic acid. 
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It appears to account for the total enhancing activity 
of the tumour. In terms of phosphatide it is estim- 
ated to be much more potent than tumour ‘cephalin’. 

There is no doubt that enhancement is an immun- 
ological process. It is a hereditable property of the 
cell, which can be induced systemically in a remote 
unenhanced tumour. Serum globulin from rats 
bearing an enhanced tumour has slight, but definite, 
enhancing power. Enhancement fails to occur when 
concurrent cortisone treatment is given. One 
argument against any pharmacological effect is that 
admixture of active phosphatide with a tumour 
inoculum results in no, or very little, enhancement. 
Another is that tumours indigenous to an inbred 
strain cannot be enhanced by treatment. The fact 
that enhancement is strictly strain-specific is crucial. 
The Crocker tumour, capable of growth in several 
strains of mice, when enhanced in one strain, 
shows no enhancement in another untreated strain 
unless previous enhancing factor treatment has been 
given. The enhanced tumour, even after growing for 
many generations in a non-enhanced strain, retains 
full enhancement in the strain in which it was 
enhanced. In a mouse strain (C 57B) normally 
completely resistant to the Crocker tumour, prior 
treatment with enhancing factor enabled it to grow 
readily to a lethal] size. Absolute resistance to strain- 
specific breast tumours can be broken down and 
prolonged growth obtained. The fact that both 
active tumour phosphatides and lipo-proteins induce 
antibodies reacting in vitro with the phosphatide 
underlines the immunological nature of the effect. 

Tissue phosphatide or lipo-protein fractions do not 
induce the characteristic tissue response, including a 
plasma cell increase in the spleen, seen when homo- 
logous living cells are injected’. It seems likely that 
pre-treatment with enhancing factor provides primary 
sensitizing antigen, and a rapid outflow of lipo-protein 
antibody is stimulated by the secondary challenge 
with living tumour cells. It was postulated! that 
such an antibody may be an incomplete blocking 
antibody, the primary antigens being modified by 
freezing or the extraction processes in which, as has 
been suggested®, destruction of nucleoprotein antigens 
leaves some cytoplasmic antigens intact. 

The fact that a new and permanent strain of cells 
appears is all-important and it would seem that either 
adaptation and/or selection is involved. In favour of 
selection is the speed of the effect, for it was found 
both by direct weighing and by re-transplantation that 
permanent enhancement occurs within 48 hours. It 
seems unlikely that adaptation, for example, by iso- 
antigenic deletion resulting in a strain identical to the 
host could occur in so short a time. We have some 
evidence that the enhanced tumour contains more 
enhancing factor rather than less. There is also 
evidence’ that widely transplantable tumours contain 
more isoantigen than do more restricted tumours. 

The evidence favours selection of more rapidly 
growing cells by a lipo-protein antibody. Why is 
such an effect strain-specific ? In the case of the 
phosphatides it is likely that after injection they 
form a lipo- (nucleo-?) protein complex, which 
behaves as an auto-antigen. When challenged with 
living tumour cells the host, already sensitized to 
tumour lipid, could rapidly produce antibody to 
tumour lipo-protein containing the same haptene. 
Since it is the ‘cephalin’ phosphatides that enhance, 
the antibody would be a ‘cephalin’-protein complex 
specific for protein (iso-antigen) of that strain. If a 
different strain is inoculated with the enhanced 
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tumour, a new iso-antigenic relationship is established 
and the normal immune response occurs. Enhanced 
cells are presumably selected because they contain 
more surface antigen, enabling them to attract more 
blocking antibody and thus prevent nuclear iso- 
antibody reaching its target. This must also hinder 
the release of nuclear iso-antigen, for the enhanced 
tumours elicit a weaker immune response from the 
host, as judged by the size and plasma cell content 
of the spleen, than the unenhanced. It seems feasible 
then that a non-lethal lipo-protein antibody blocks 
both the extracellular release of nuclear iso-antigen 
and access of nuclear iso-antibody to the nucleus. In 
order to account for strain specificity the responsible 
surface antigen must be structurally related to 
nuclear iso-antigen, possibly having the same protein 
or nucleoprotein combined with ‘cephalin’ phos- 
phatide. Enhancement would on this basis be a 
method of making the tumour nuclear iso-antigens 
immunologically ineffective by previous immuniza- 
tion with a related lipo-protein cytoplasmic antigen. 
Cells thus selected with a greater surface concentra- 
tion of the ‘cephalin’-protein complex would be auto- 
matically protected from the normal nuclear immune 
mechanism and thus enhancement would be per- 
manent, but only in the strain in which enhancement 
was originally induced. Under such conditions 
blocking antibody would continue to be elicited by 
excess surface antigens. Remote enhancement occurs 
even after removal of the enhanced tumour, for so 
long as effective antibody is in circuletion enhance- 
ment will occur. 

Enhancement can be regarded as a state of greater 
malignancy corresponding to the normal but slower 
progression of the transplanted tumour toward 
greater freedom from immune attack, when it exists. 
If natural selection is occurring, those cells containing 
more enhancing antigen appear gradually to pre- 
dominate. This gradualness suggests that ‘enhanced’ 
tumour cells are held in check by less rapidly growing 
cells just as seems to occur in the experiments cited. 
The mechanism of this remarkable check is not clear. 
It may be due to a more powerful lethal antibody 
response to unenhanced cells overwhelming locally en- 
hanced cells, though admixture with cells of normal 
organs is without effect. It may be a manifestation 
of an auto-regulatory control, in which surface 
antigens from less malignant cells in close contact 
with more malignant cells restrain growth by passage 
into or on to such cells and thus transforming them. 
However, the restraint in a normal mixed tumour cell 
population gradually weakens, as usually a more 
malignant cell race gradually preponderates. Slow 
progression to increasing autonomy is a feature of 
malignancy. Even the increased rate of cell prolifera- 
tion in the early stages of carcinogenesis may prove 
to be the first step in enhancement towards neoplasia. 

In this connexion it is of interest that certain 
substituted carcinogens (for example, the 9-amino, 
9-nitro and 9-isocyanate derivatives of 1-2-5-6 dibenz- 
anthracene), instead of being tumour inhibiting like 
the parent compounds, actually accelerate growth. 
Even a normally powerful non-carcinogenic tumour 
inhibitor (for example 11-12 benzfluoranthene) may, 
in the presence of a high natural immunity, abrogate 
this immunity’*. Is it possible that the antigenic 
nature of the protein-bound substituted compound 
is sufficiently different from that of the parent 
carcinogen as to elicit an antibody blocking, instead 
of reinforcing, the action of tumour-induced antibody ? 
There is an indication here not only that carcinogene- 
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sis involves an immune process but that its mechanism 
may even be related to that of tumour enhancement. 

What bearing have these findings on the immuno- 
logical theory of cancer’ !!-17 ? This ascribes neoplastic 
change to a loss of immunological identity in the cell. 
The theory embraces the idea that cytoplasmic tissue- 
specific antigens (lipo-protein complexes), rather than 
nuclear iso-antigens, are involved primarily. A clue 
to the nature of such tissue-specific antigens is 
provided in our enhancing experiments. Although 
enhancement is obtained with normal tissue or 
tumour phosphatide from another species (mouse to 
rat), the effect is about doubled by using isologous 
tumour phosphatides which confer greater tissue 
specificity on the antigenic lipo-protein and thus 
appear to stimulate a greater output of tumour- 
specific antibody by living tumour. So cytoplasmic 
‘cephalin’ seems to show definite tissue-specificity. 

Both certain choline-containing phosphatides and 
some factor(s) in tumour soluble protein fractions 
stimulate resistance to tumour growth. This increased 
immunity could be due to antibodies to cytoplasmic 
lipo-proteins which do not block the effect of the 
nuclear iso-antibody but reinforce it. A very active 
factor possibly of this nature is precipitated from the 
soluble proteins by glutathione treatment. This 
treatment also preserves the strong hemagglutinating 
action of the extract, which otherwise rapidly dis- 
appears. The tissue ‘cephalin’ phosphatides are 
exceedingly surface active and produce hemagglutina- 
tion at very high dilution®.’._ The choline-containing 
phosphatides have no such action and some fractions 
inhibit the ‘cephalin’ effect. Now the soluble proteins 
from a wide range of tumours strongly agglutinate 
red and other cells, whereas very few normal tissues 
do and then more feebly. Moreover, mouse skin 
acquired this property during the course of chemical 
carcinogenesis. The agglutinating factor m tumours 
is found in the lipo-protein fraction containing the 
enhancing factor, and free sulphydryl groups are 
important in both actions. These and other facts!’ 
suggest that ‘cephalin-containing’ lipo-proteins are 
particularly prominent in malignant tumours and 
reflect a change starting early in carcinogenesis. 
There is some chemical evidence of this, for in a rat 
hepatoma there was'® a significant increase in 
‘cephalin’ mainly in the cytoplasm, with a decrease 
in lecithin, and in a mouse breast tumour more 
‘cephalin’ and less lecithin than in resting or 
pregnancy-stimulated breast tissue were found’. 

The different growth potentialities of the cells in 
one tumour may reflect differences in the amount of 
‘cephalin’-protein complexes at the cell surface. 
There is firm evidence that progressive deficiency in a 
soluble protein fraction occurs during carcinogenesis 
and some evidence that a lipo-protein is involved". 
We would therefore speculate that the missing 
proteins are of a type bound to choline-containing 
phosphatides and that their loss is accompanied by a 
relative or absolute increase in those bound to 
‘cephalin’ phosphatide. 

If lipo-protein imbalance is related to malignancy 
then we have to consider how the change is initially 
brought about. We have shown’:!!-1? how malignant 
Properties could be accounted for by loss of tissue- 
Specific antigen(s). The inducing mechanisms, 
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according to theory, include an immune attack of the 
host provoked by a chemical- or radiation-modified 
tissue-specific protein complex and nutritional com- 
Petition or deficiency due to the action of hormones, 
Viruses or the conditions of tissue culture. It was 
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postulated that in chemical carcinogenesis the initial 
change is the formation of a tissue-specific auto- 
antigen and this may prove to be true of many 
forms of tumour induction. The well-known fact 
that chemical carcinogenesis is inhibited in the 
absence of free SH groups in the tissue may be linked 
to a similar relationship to antigenic and hemagglutin- 
ating activity in tissue lipo-proteins. Other, possibly 
lethal, immune reactions may occur as the result of 
non-specific binding or alteration of nuclear antigens. 
Antibodies to cytoplasmic lipo-protein antigens are 
less lethal and thus may be able to induce a progres- 
sive adaptive loss of such antigens. On the basis of 
current work, loss of a membranous lipo-protein 
complex containing a phosphatide of the lecithin 
type can be envisaged. This is obviously speculative 
but any clue to the site of specific binding by a 
carcinogen has value. It embraces the idea that the 
tissue-specific antigens concerned are ‘lecithin’ 
(choline-containing) protein complexes. It is signifi- 
cant that chronic choline deficiency itself??? will 
induce cancers of the liver and other sites, and 
tumour formation due to this** or to butter yellow 
feeding is prevented by riboflavin. This suggests 
that a choline phosphatide is involved, particularly 
as dietary ethanolamine also strongly inhibits azo 
dye carcinogenesis*, and dietary ethionine induces 
liver tumours**, possibly, we suggest, by blocking 
choline synthesis. Moreover, liver tumours are unable 
to condense formate with glycine and then decarb- 
oxylate serine?’, which may be another pointer to a 
disturbed phosphatide balance. Another possibly 
relevant point is that admixed lecithin in excess has 
an anti-carcinogenic effect?*, which could be due to 
deviation of the carcinogen to a non-specific lecithin 
protein complex. It was suggested’ 14 that tumour 
induction by hormonal excess or tumour promotion 
by substances like croton oil, “T'ween 60’ or certain 
viruses could be a result of nutritional deficiency. 
Rapid cell proliferation is accompanied by a big 
increase in phospholipid turnover and its long 
perpetuation in a damaged tissue could theoretically 
lead to local deficiency in an essential factor (for 
example choline) in phosphatide synthesis. Similar 
events could account for malignant transformation 
in tissue culture. A direct tumour virus like the Rous 
is rich in phospholipid, and a close chemical affinity 
of virus to cytoplasmic lipo-protein might enable it to 
replace competitively a tissue-specific substance. 
Many speculations on these lines could be made and 
are useful if only to attract attention to the possible 
role of phosphatides in carcinogenesis. Despite their 
surface active properties and the fact that lipo-protein 
forms a basic part of normal cell membranes, they are 
almost neglected in the cancer problem. 

We have reasoned that tumour enhancement is 
made possible by an altered chemical structure of the 
cell membrane peculiar to cancer. If such an altera- 
tion exists, it presumably begins early in carcino- 
genesis, with a progressive loss of certain choline- 
containing lipo-proteins until the cell identity is 
sufficiently altered to enable it to evade homeostatic 
growth controls. Progressive adaptation results in 
all the carcinogen-induced auto-antigen being lost 
from the cell; the cancer cell therefore elicits no 
immune response from the host, and an immune 
reaction, if any occurs, is one of the tumour to the 
host??. We have discussed’:1-1? how lack of tissue- 
specific antigen(s) could account for the anaplasia, 
invasiveness and rapid growth of the cancer cell. 
There are several factors involved here, but, if the 
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concept of Weiss** is valid that diffusible substances 
from the mass restrain the growth of similar cells, 
then tissue-specific substances must be the receptors 
for these auto-regulatory as well as the endocrine 
hormones. Possibly organized growth is controlled 
by a process which on further analysis will be explic- 
able in immunological terms. 

The suggested chemical alteration could also 
account for the decrease in basic proteins*® in the 
cancer cell, and the fact that the specific azo dye 
binding is chiefly to protein of similar type*4. The 
present work suggests that there is an alteration in 
the lipo-protein orientation of the membrane of the 
cancer cell. If this involves a deficiency of lecithin 
and an excess of ‘cephalin’ in certain lipo-protein 
complexes, it could account for lack of adhesiveness 
and contact inhibition*®*-** ; for an increased negative 
surface change*.*5, due to a greater content of the 
more acid and a smaller content of the more basic 
phosphatides, could account for the greater repulsion 
of cancer cells one from another. 

The work on enhancement, as well as many other 
lines, stemmed from considerations of the immuno- 
logical theory. It strongly suggests that lipo-proteins 
are important cytoplasmic antigens and indicates 
that certain proteins of this class are deficient in the 
cancer cell. However debatable many of the present 
ideas may be they all point to some abnormality in 
phosphatide configuration as being a feature, possibly 
the dominant one, of neoplasia. 


+ Green, H. N., and Wilson, R. W., Nature, 178, 851 (1956). 

* Folch, J., J. Biol. Chem., 146, 35 (1942). 
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Prof. F, O. Lawrence 


THE recent death of Prof. Ernest Lawrence of the 
University of California, Berkeley, brought to a close 
the active career of one of the greatest figures in the 
world of science. Prof. Lawrence had contributed 
to modern physics a tremendous amount of new 
knowledge and had advanced its frontiers at an unpre- 
cedented rate. This rapid extension was no accident, 
for he was abounding in ideas and the energy and 
drive needed to overcome the many obstacles in the 
way of progress. His enthusiasm, skill and originality 
were each and all of the highest category. 

Yet it is interesting to note that physics came near 
to losing its great exponent. Many fond memories 
come to my mind from the period of nearly two years 
that I worked with him in the Radiation Laboratory, 
and I recall the surprise that I felt when he told me 
how as a young research student at Yale he had 
doubts as to his capacity for original work. The 
doubts were overcome when the then grand old man 
of American physics, Michelson, visited the labora- 
tory. Michelson did not try to hide his own ignorance 
of “he ideas involved in Lawrence’s studies. In turn 
Lawrence was inspired to stay in the field to which 
he was soon to contribute on a vast scale. Lawrence 
laughingly remarked that if one could reach eminence 
without knowing everything, then perhaps he himself 
was not so ignorant as he had imagined. 
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At twenty-nine years of age he became the youngest 
full professor at Berkeley and director of the Radiation 
Laboratory. As such he stood in the forefront of 
nuclear physies for some thirty years. Like Michelson, 
he never shirked placing himself in the position of a 
learner, and the many still younger men who served 
with him had great pleasure in telling him of their 
successes or failures. His interest in their work was 
complete, and unstintingly he contributed his own 
ideas to advance their studies. It is easy to appreciate 
how he acquired the gratitude and affection of a long 
line of distinguished scientists who studied with him. 
The laboratory on ‘The Hill’ became a veritable 
Mecca to keen physicists and a succession of Common- 
wealth Fellows and others became part of the organ- 
ization which was so peculiarly his own and which 
was so well adapted to prosecuting the most advanced 
studies in perhaps the most difficult field of modern 
science. 

The cyclotron is inevitably linked with Lawrence’s 
name, and many institutions are deeply in his debt for 
the unfailing assistance that he gave in their efforts to 
equip themselves with one of his machines. Yet it 
was but one of the many amazing tools fashioned by 
Lawrence and his team and brought to bear on the 
problem of the nucleus. Lawrence was a remarkably 

iring teacher, one who in a few words could throw 
light on a whole field. Much of this ability came from 
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his own deep insight, which allowed him to create for 
himself ‘models’ serving a similar purpose to, say, 
Bohr’s model of the atom. Yet he was at home in 
the company of the most erudite theorists, and had 
little difficulty in discussing with them the most 
advanced theories. He was always the inspiring 
leader—the only essential was some sign in the young 
researcher of at least a pale reflexion of his own 
enthusiasm for his favourite subject. Young scientists 
came to him eagerly and in his own words he “‘found 
the genius of men spread rather uniformly over the 
entire globe”. Many later put his methods into 
practice in their own lands, and so his gifts were 
multiplied and are still being multiplied. 

It is difficult even to enumerate the many dis- 
coveries linked with Lawrence and his Laboratory. 
A host of new radioisotopes were investigated, among 
them tritium, radiocarbon, uranium-233 and pluton- 
ium. Indeed, twelve synthetic elements like 
plutonium resulted from work at Berkeley. The 
first laboratory generation of mesons and anti- 
particles took place there. 

Much of his work is of immediate moment to the 
well-being of mankind. Radioactive tracers and 
neutrons were applied in biology and medicine, he and 
his brother John taking the role of pioneers. More 
directly still he gave of his best in the Second World 
War when he pushed to a successful conclusion the 
Calutron project, something which perhaps none but 
he might have believed possible. He saw the nuclear 
power age as one which would free miners and others 
from their toil for coal. Always he sought to raise 
the standards of living for all. On an international 
scale he served with the Stassen Committee, and he 
was at Geneva working towards agreement on the 
detection of nuclear explosions when illness overtook 
him. 

He lived his life at a tremendous pace and to one 
who gave all there rightly came many high honours. 
He was a Nobel laureate, he held the Comstock Prize 
of the National Academy of Sciences, the Medal for 
Merit of the United States Government, the American 
Cancer Society Medal, the Enrico Fermi Medal of the 
Atomic Energy Commission, the Faraday Medal of 
the Institution of Electrical Engineers, the Hughes 
Medal of the Royal Society and the Duddell Medal 
of the Physical Society. He was an honorary 
doctor of many universities, including Yale, Prince- 
ton, Harvard, Michigan, McGill, British Columbia, 
Glasgow, and an honorary Fellow or member of 
societies including the Academy of Science of the 
U.S.S.R., the Indian Academy of Sciences, the 
Royal Swedish Academy of Science, the Royal Irish 
Academy of Sciences, the Royal Society of Edinburgh. 

Ernest Lawrence is one of those whose loss is 
grievous but relieved by the fact that his inspiration 
lives after him in the memories and works of the many 
80 deeply in his debt. 8S. C. Curran 
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Prof. Maurice Caullery, For.Mem.R.S. 


MauricE CauLLERY, honorary professor at the 
Sorbonne, where he occupied during thirty years the 
“Chaire d’évolution des étres organisés”, died on 
July 15 at the age of ninety. 

The eminent scientist, to whom zoology owes so 
many contributions, had been a student at the 
Ecole Normale Supérieure, where he was a pupil of 
Alfred Giard. His thesis dealt with the histological 
Phenomena accompanying the seasonal regression 
and development of Synascidia, and led to the con- 
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clusions that the tissues of various organs (nervous 
system, peribranchial cavity) are ectodermal in. the 
oozoids, whereas, in the blastozoid, they originate 
from the internal vesicle of the bud, and thus, in the 
last analysis, from an endodermal tissue. The very 
same organ might thus be derived from two different 
‘feuillets’. This unexpected conclusion was the 
starting point of a comparative study of budding in 
various Synascidia, and, in particular, in the 
Didemnidae, where the essential role of the epicardic 
tube in blastogenesis was discovered. 

The Microniscidae were known as parasites of 
planktonic copepods. Caullery succeeded in demon- 
strating that they are an intermediate phase between 
the epicaridic and the cryptoniscian larve (epicarids 
are isopods parasitic on other crustaceans). The 
study—with Félix Mesnil, who became his brother- 
in-law—of the cryptoniscian Hemioniscus balani 
revealed the existence of a protandric hermaphrodism. 
It turned out that this was a general feature of the 
group: all the cryptoniscians are first males, then 
females. Caullery and Mesnil also discovered and 
described a parasite of annelids, Xenocoeloma brumpti. 
The central cavity of this copepod is covered by the 
peritoneal endothelium of the host, an extreme case 
of parasitic degeneration. 

A number of wandering annelids were known to 
undergo metamorphosis at the time of sexual 
maturation, and the altered ‘epigamic’ worm dis- 
seminates the sexual elements. The study of 
Dodecaceria concharum revealed that epigamy also 
occurs in tubicolous annelids. The discovery by 
Caullery and Mesnil originated in numerous investi- 
gations which revealed unexpected traits in the 
life-cycle of polychete worms. 

These two French zoologists disclosed the entire 
life-cycle of orthonectids. The plasmodia of Rhopalura 
ophiocomae, a parasite in Amphiura squamata, give 
rise to germ cells which are the origin of the males 
and females. These escape from their host ; copula- 
tion and fecundation take place, and ciliated larve 
are produced which, when freed, infect a new Amphiura 
and give rise to plasmodia, thus initiating a new cycle. 

The invertebrates of the French coast of the 
English Channel are rich in parasites and especially 
in parasitic Protozoa. Caullery and Mesnil dis- 
covered a new gregarine, Gonospora longissima, 
which provided the first example of schizogonic 
reproduction in the group. Moreover, it was found 
that the various phases of the life-cycle of the 
parasite are controlled by the phases of the life-cycle 
of the host. This was perhaps, in 1898, the first 
example of such a type of interaction. 

The study of the actinomyxidium Sphaeractino- 
myxon revealed the existence of a new type of 
sexual process and was the first example of sexuality 
in the Myzxosporidia. Finally, Caullery and Mesnil 
studied or discovered a number of Protozoa, such as 
the Metchnikovellidae, parasites of the cytoplasm of 
gregarines, the Siedleckia, parasites in the annelids ; 
and they created the group of Haplosporidia for a 
number of Sporozoa the relationships of which they 
were able to establish. 

Maurice Caullery never failed to give his own 
studies their proper place in a great ensemble. 
Having studied so many parasites, he naturally was 
led to write a book on parasitism, ‘“‘Le parasitisme et la 
symbiose” (Doin, 1923), now translated into English. 
His lectures on various biological subjects were also 
published in book 'form and exemplify his erudition 
and critical sense: “Les Problémes de la Sexualité”’ 
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(Flammarion, 1918), ‘‘Les Problémes de l’Evolution” 
(Doin, 1931), “Les Conceptions modernes de 
l’Hérédité” (Doin, 1935), “‘Les Progrés récents de 
l’Embryologie expérimentale” (Doin, 1939), ‘‘Organ- 
isme et Sexualité’’ (Doin, 1942). 

These books reflect the excellence of his teaching, 
which influenced numerous young scientists. A 
number of them have made brilliant careers in 
experimental biology and embryology and developed 
schools of their own. 

Maurice Caullery was, in 1928, elected to the Paris 
Academy of Sciences and in 1948 he was elected a 
foreign member of the Royal Society. He was: also 
associate or corresponding member of numerous other 
foreign academies. 
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Up to the time of his death, Maurice Caullery 
remained physically and intellectually alert, walking 
every day to the laboratory, continuing to read and 
to write. In 1945 he became president of the Academy 
of Sciences, and, in his presidential address, did not 
hesitate to denounce its ageing and immobilism, 
fighting with acidity and vigour for a renewal of its 
organization. A great sense of duty and devotion to 
science associated with intellectual youth and vitality 
were among the characteristics of Maurice Caullery. 
Throughout his long life, he devoted himself to the 
advancement of biology. 

He is survived by Mme. Caullery and their four 
children and numerous grandchildren. 
ANDRi LworFr 


NEWS and VIEWS 


The American Air Force Lunar Probe 

Tue American Air Force lunar probe attempt on 
October 11 failed to achieve the full objective of a 
circum-lunar orbit, but demonstrated that many of 
the technical problems of launching and accelerating 
a three-stage rocket to the necessary speed have 
been solved. Guidance of the rocket into the correct 
path and precise control of the final cut-off velocity 
appeared to have been the chief problems not yet 
completely mastered. The tracking of the rocket 
and reception of telemetry signals both in the United 
Kingdom and at other stations was very successful 
out to the maximum distance of almost 80,000 miles 
from the Earth’s surface. In the instrument payload 
of some 40 Ib. were included radiation detectors, 
which confirmed the earlier measurements on 
Explorer IV of the intense radiation belt surrounding 
the Earth. Preliminary analyses of the results have 
shown a significant decrease in intensity beyond 
several Earth radii, and seem to confirm the idea 
that the radiation is due to the trapping of cosmic 
particles by the Earth’s magnetic field. Tem- 
perature and micro-meteorite impact measurements 
should give valuable data on conditions in regions 
now explored for the first time. No doubt there are 
some who will not regret the failure to penetrate the 
mystery of the Moon’s unseen face, but it must be 
only a matter of time until this is done ; meanwhile, 
the progress already made and the value of the 
scientific measurements obtained merit warm con- 
gratulations to the American scientists concerned. 


Racial Problems in Britain 

Tue Eugenics Society (69 Eccleston Square, London, 
S.W.1, ls. 6d.) has recently issued the first of a new 
series of broadsheets, which deals with the subject of 
West Indian immigration into Britain. In the pre- 
face, Sir Charles Darwin explains that the aim is 
‘“‘to review the whole position, so that whatever the 
reader’s final conclusions may be, they should at least 
be based on fact and not on mere emotion”. Recent 
events in Great Britain have made it plain how impor- 
tant this is ; but it is also obvious from the paper itself, 
written by Mr. Colin Bertram, the general secretary 
of the Eugenics Society, that the separation of facts 
from opinions concerning the problem of ‘race’ is a 
task of the greatest difficulty. 

Is is unfortunate that the argument of the broad- 
sheet involves a large measure of confusion between 


the social and the genetic aspects of the subject, and 
that. it takes so much for granted. As it is assumed 
that “miscegenation runs counter to the great 
developing pattern of human evolution”’, the onus of 
responsibility is placed on the shoulders of those who 
are willing to allow it to continue in Britain. There 
is, it is said, “‘a need to ponder”’ on this difficult issue, 
“unless there are evident ultimate genetic advantages 
in the production of persons more likely to be capable, 
happy and altruistic in the circumstances of the 
future’, as the offspring of mixed marriages. It is 
improbable, however, that any precise information 
can now be produced which would indicate whether 
these somewhat vague requirements can be met. 
Until the problems of race relations are stated in 
clearer terms, from the genetic point of view, it is 
unlikely that what has been termed the ‘art 
of eugenics’ can contribute significantly to their 
solution. 


Waverley Gold Medal Essay Competition 


THE Scientific Advisory Board of Research has 
awarded the following prizes in the Waverley Gold 
Medal essay competition. The Waverley Gold Medal 
and first prize: Mr. A. J. C. Hall (University of 
Sydney) and Mr. J. G. Hayes (Royal Melbourne 
Technical College) for ‘Coloured Patterns in Glass” ; 
second prize, Mr. T. R. Manley (A. Reyrolle and Co., 
Ltd., Newcastle upon Tyne) for “The Irradiation of 
Plastics” ; special prize for an author under thirty : 
Mr. M. D. Lilley (Aplin and Barrett, Ltd., Yeovil) for 
“Food Preservation with the Antibiotic Nisin” ; 
highly commended: Mr. J. Heywood (Norwood 
Technical College, London) for “Radio Astronomy— 
an Aid to Education’’. The prizes will be presented to 
the winners on December 15 at 6 p.m. in the lecture 
hall of the Royal Society of Arts, John Adam Street, 
London, W.C.2. 


Industrial Training Council 


Tue Industrial Training Council, which consists 
of representatives of the British Employers’ Con- 
federation, the Trades Union Congress, the national- 
ized industries, Government departments and educa- 
tional bodies, and recently held its first business 
meeting, has the primary function of encouraging 
individual industries to take action to ensure a 
satisfactory level of industrial training. The point 
was emphasized that it is only the organizations in 
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the individual industries that have any executive 
authority. It was decided, as a first step, that the 
Council should seek factual information from the 
industries as to their future needs and opportunities 
for training personnel. The Council agreed that 
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industries should first be encouraged to undertake. 


the assessments—suggested by the Carr Committee— 
as to their future man-power needs and to compare 
these with existing facilities for training. It was 
stressed in particular that there is an urgent need for 
each industry to make some quantitative assessment 
to satisfy itself that its training arrangements will be 
adequate to meet the coming ‘bulge’ in school leavers. 
The Council further decided to ask each industry to 
state in general terms how far, if at all, it has dealt 
with the main recommendations in the report of the 
Carr Committee which cover the whole field of training 
of young workers. 


Graduate Training in Chemical Engineering 

Ir has been realized for many years that a student 
who has obtained a degree in engineering at a univer- 
sity is by no means fully equipped to take his place 
in an industrial concern, and many large firms have 
organized training courses of a practical nature which 
supplement the fundamental and more theoretical 
knowledge acquired at the university. In chemical 
engineering, owing to the diversity of subjects dealt 
with, it is not easy to decide the exact form which 
such courses should take, and in view of the in- 
creasing demand for guidance in this matter, the 
Education Committee of the Institution of Chemical 
Engineers, after consultation with the Association of 
British Chemical Manufacturers and the British 
Chemical Plant Manufacturers Association, has now 
published a brief advisory note. In this it is pointed 
out that it seems desirable for every chemical engin- 
eering graduate to have practical training in four 
main subjects—the design, fabrication, development 
and operation of process plant. Two years is sug- 
gested as the total period of training, but the time 
allocated to each subject should vary substantially 
according to the type of work which the trainee is 
intended to take up. During the training it should 
be possible to emphasize such subjects as costing, 
labour management, safety and report writing. A 
schedule in somewhat greater detail is given. Twenty- 
seven large organizations are at present operating 
training schemes which conform with these sugges- 
tions and the note should prove very helpful as a guide 
to firms which are contemplating the introduction of 
organized postgraduate training into their business. 


Building Research 

THE latest reports of the Building Research Board 
and of the Director of Building Research of the 
Department of Scientific and Industrial Research 
have been published in a booklet entitled “Building 
Research 1957” (pp. iv+75+16 plates. London: 
H.M. Stationery Office, 1958. 5s. 6d. net). These 
reports are of special topical interest following the 
recent criticism of the annual report of the Building 
Research Station by the Select Committee on 
Estimates in the course of its inquiry into the 
finances of the Station; the Committee complained 
that the report was of too general a nature to be of 
much value to those interested in the work of the 
Station. Opinions will, no doubt, differ on this 
point, but all familiar with the building industry will 
appreciate the difficulties facing the Director in 
compiling his report. 


NATURE 1061 


In order that the Building Research Station should 
be in a position to view all building problems in their 
correct perspective, the programme of work under- 
taken is very broad, ranging from rheology to the 
packaging of bricks. The Station is, nevertheless, 
able to make a number of contributions to basic 
research in several fields. For example, the high- 
temperature microscope, described in the report for 
1956, has been further developed and a new instru- 
ment has been constructed which permits observa- 
tions to be made in special atmospheres at tem- 
peratures exceeding 2,000° C. Further contributions 
have arisen out of the Station’s work on lighting and 
heating, and an investigation of the aircraft-noise 
nuisance problem has given rise to some’ basic 
research on sound propagation in the open air. 


Cancer and Mental Hea'th in 1952-53 


THe Registrar General has recently issued two 
supplements to his Statistical Review (Supplement 
on Mental Health for 1952-3. Pp. xi+208. lls. 6d. 
Supplement on Cancer for 1953. Pp. xi+105. 7s. 6d. 
London: H.M. Stationery Office, 1958). The cancer 
volume is a continuation of previous studies, dis- 
cussing figures obtained from the cancer registration 
scheme for eight further sites : in women, the corpus 
uteri and ovary ; in men, the testis and penis; and 
in both sexes, lip, tongue, mouth and pharynx, and 
the cesophagus. New registration-rates and mortality- 
rates are presented for each site, and there are 
figures showing mortality in each year of treatment 
and the five-year survival-rate in relation to the 
clinical state of the disease at registration and by 
method of treatment, and there is a text section 
commenting briefly on the principal results. 

The supplement on mental health is more com- 
prehensive. It gives figures relating to the population 
of patients in mental hospitals and mental deficiency 
hospitals, the duration of stay and the incidence of 
mental disease, as measured by new registrations, 
among different groups of the population. The 
figures are divided by age, marital status and 
occupation. The period considered is too short for 
significant trends to emerge, but it might be noted 
that between 1950 and 1953 the median duration of 
stay for patients discharged from mental hospitals 
steadily decreased. The incidence of mental disease 
is particularly high among the single, and in Group V, 
the lowest group of the Registrar General’s classifica- 
tion. Adverse rates of mental disease also seem to 
be connected with a high standard of education, 
clerical and domestic work, labouring and branches 
of the catering industry, but the Registrar General 
recognizes that in this field it is difficult to disentangle 
cause and effect and that further ecological studies 
are required. 


The Neolithic Age in Eastern Siberia 

THE new volume of the T'ransactions of the American 
Philosophical Society (New Series, 48, Part 2 (1958) : 
“The Neolithic Age in Eastern Siberia”. By Henry N. 
Michael. Pp. 108. Philadelphia : American Philoso- 
phical Society, 1958. 2.50 dollars) will be much 
welcomed by prehistorians. Here in the West it is 
not too easy to obtain accounts of investigations made 
in Siberia, especially as many of the articles are written 
in Russian. Some little while ago there was a short 
article on “Eskimo Archeology” by H. B. Collins 
which appeared in the Proceedings of the American 
Philosophical Society. But this only touched on some 
of the early stone age finds near Lake Baikal and — 
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farther to the north. Merhart’s well-known work on 
the Siberian Paleolithic cultures deals, of course, with 
discoveries of an earlier period. ““The Neolithic Age 
in Eastern Siberia’’, therefore, fills a yawning gap in 
our knowledge of the region. The reader will do well 
to turn to Table 2 on p. 33 and to read the accounts 
of the finds in the light of the chronological sequence 
there set out. Not everyone agrees as to the origins 
of these various cultures. Fundamentally, however, 
it would seem that a case has been made out for 
connexions with the west, for example, with such an 
area as south Russia. Whether the Magdalenians, 
drifting north and east following the reindeer 
and retreating before the ameliorating climate of 
western Europe, ever reached Siberia is very uncer- 
tain, though the possibility should not be ruled out. 
Anyway, there seems to occur a sort of late Paleolithic— 
Mesolithic complex and this is followed by a transi- 
tional (Khina) culture which in turn heralds the early 
Neolithic industries (Isakovo) with some pottery and 
polished stone tools. Naturally in such an isolated 
region local developments occur. There follow the 
various Neolithic cultures, and after them those of 
the true Bronze and Iron Ages. Many of the ideas 
put forward are necessarily tentative, but the volume 
does bring up to date what is known of the earlier 
Stone Ages of these remote regions. 


New Vaccine for Fowl Typhoid 


A NEW immunizing agent for use against fowl 
typhoid is now available to the poultry industry. 
Following initial work by Dr. H. Williams Smith, an 
Animal Health Trust bacteriologist, on the organism 
causing this costly and highly infectious disease, the 
Trust has evolved a ‘live’ vaccine the efficiency of 
which has been thoroughly tested and proved in a 
series of field trials carried out in collaboration with 
the Veterinary Investigation Service of the Ministry 
of Agriculture. Prepared from a strain of the organism 
which is less virulent than most, the new vaccine, 
known as ‘9 RS’, is free from the drawbacks associ- 
ated with the use of earlier ‘live’ products—the risk 
of setting up active disease in the field, and the 
liability to cause reactions inimical to the success of 
normal blood-testing for both B.W.D. and fowl 
typhoid itself. It is therefore completely safe, and 
supplies for home administration are now offered for 
sale to all poultry-keepers. It is emphasized that 
the purpose of the vaccine is to prevent fowl typhoid. 
It is not a cure. As an illustration of its preventive 
power, it was shown in one trial that, of a group of 
birds vaccinated with 9 RS and later artificially 
infected with fowl typhoid, only 6 per cent died, 
whereas a similar group of unvaccinated birds 
suffered a 70 per cent death-rate. Further information 
can be obtained from the Animal Health Trust, 
Biological Products Department, Kennett, Nr. New- 
market, Suffolk. 


Sputniks | and 2 


Mucu of the preliminary orbital data on the first 
two Sputniks obtained by staff of the Smithsonian 
Astrophysical Observatory up to March 1958 is col- 
lected in Smithsonian Contributions to Astrophysics 
(2, No. 10: Orbital Data and Preliminary Analyses 
of Satellites 1957 Alpha and 1957 Beta. Compiled 
by F. L. Whipple, L. G. Boyd, J. A. Hynek and 
G. F. Schilling. Pp. vii+189-347. Washington, 
D.C. : Government Printing Office, 1958. 1 dollar). 
The aim of the compilation is to publicize the 
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orbital information as quickly as possible, and the 
various items are printed unrevised. The volume is 
thus a historical record rather than a critical survey, 
and many of the early orbital determinations, which 
were inevitably erroneous, are given equal emphasis 
with later and more accurate computations. This 
should be borne in mind when reading the volume, 
the contents of which are rather varied. There are a 
good deal of orbital information and a useful glossary 
of astronomical terms. There are lists of the optical 
observations of the satellites made by ‘Moonwatch’ 
teams, and of the daily predictions transmitted by 
Moscow radio. There are also two papers giving 
values of upper-atmosphere density deduced from 
the Sputnik observations, and the suggested ‘interim 
standard atmosphere No. 2’ has, in fact, successfully 
fitted the results from later satellites. 
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Medical Electronics 


A RECENT meeting of an interim committee com- 
posed of members of the Institution of Electrical 
Engineers and of the medical profession having a 
common interest in medical electronics discussed 
the scope and future activities of the Medical Elec- 
tronics Discussion Group, which has been set up by 
the Institution of Electrical Engineers. An organizing 
committee, responsible for arranging the programme 
of the Group, was appointed under the chairmanship 
of Mr. S. J. Emerson. It was decided that the 
activities of the Group should be centred around 
a/‘lvanced electronic techniques applied or related to 
medical and biological problems, and there will be a 
programme of informal discussion meetings which 
will provide a forum for the exchange of information 
between the two professions on subjects coming 
within this field. 

The first meeting of the Group is to be held at the 
Institution of Electrical Engineers at 6 p.m. on 
November 7, when Dr. A. C. Dornhorst (St. Thomas’s 
Hospital Medical School) will speak on “Measurements 
of Blood Flow in the Human Subject”, and Dr. D. A. 
McDonald (St. Bartholomew’s Hospital Medical 
College) will speak on ‘‘Measurement of Pulsatile 
Blood Flow’’. A second meeting will be held on 
November 28 to discuss the problems which are 
encountered in the field of neurophysiology, when 
the speakers will be Dr. Warren 8. McCulloch (Massa- 
chusetts Institute of Technology) and Dr. W. K. 
Taylor (University College, London). A third 
meeting in January 1959 will deal. with ‘The 
Physiologists’ Requirements for d.c. Amplifiers’. It 
is proposed to provide an opportunity at each dis- 
cussion meeting for members to give notice of any 
problems they have encountered (not necessarily 
related to the topic discussed at the meeting), in the 
hope that others present may be able to offer sug- 
gestions for their resolution. Further information 
can be obtained from the Secretary, Institution of 
Electrical Engineers, Savoy Place, London, W.C.2. 


Department of Scientific and Industrial Research, 

Research Fellowships 

Tue following fourteen research fellowships have 
been awarded by the Department of Scientific and 
Industrial Research for the academic year 1958-59 
to young research workers of exceptional promise 
who, usually, have already received postgraduate 
training up to the level of a doctorate: C. J. Batty 
(nuclear physics, Birmingham), L. B. Tarlo (pale- 
ontology, British Museum), J. Biggs (chemistry, 
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Cambridge), Dr. Enid R. C. MacRobbie (biophysics, 
Cambridge), Dr. C. J. 8S. M. Simpson (chemistry, 
Cambridge), A. K. Kent (zoology, Bedford College, 
London), R. M. E. Sullivan (engineering, King’s 
College, London), Dr. Amy M. Goodall (chemistry, 
University College, London), G. Culligan (nuclear 
physics, Liverpool), P. D. Forsyth (nuclear physics, 
Manchester), F. H. Read (nuclear physics, Man- 
chester), W. R. Phillips (nuclear physics, Oxford), 
B. Nicholls (chemistry, The Queen’s University, 
Belfast), G. E. Hall (chemistry, Technische Hoch- 
schule, Zurich). 
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Lalor Foundation Grants 

THe Lalor Foundation has announced the pro- 
gramme of awards for 1959 which it is offering to 
college and university faculty members for research 
in the biological sciences. These awards are to be for 
support of research on the fundamental biochemical 
and biophysical mechanisms concerned with fertility 
and reproduction in various forms of life. The 
objectives are to work for more complete under- 
standing of the basic phenomena involved and 
ultimately toward better possibilities for biological 
regulation and control. Grants may range up to 
8,000 dollars per year and will be scaled in proportion 
to the scope and duration of the projects approved. 
Preference will be given to younger members of 
university and college staffs with an upper age-limit 
of forty-five years. The work may be carried out at 
the applicant’s own institution or elsewhere. The 
Foundation will also grant postdoctorate summer or 
short-term research awards in the field described on 
projects which, for example, would be appropriate 
to the Marine Biological Laboratory at Woods Hole, 
Mass., or elsewhere. For these awards, the stipends 
will normally not exceed 900 dollars for a single man 
or a woman, 1,100 dollars for a married man working 
at his home institution, and 1,250 dollars for a 
married man with his principal programme at another 
institution. Application and inquiries should be 
directed to the Lalor Foundation, 4400 Lancaster 
Pike, Wilmington 5, Delaware, and applications must 
be received by January 15, 1959. 


Bedson Club Lectures 

THE programme of lectures of the Bedson Club, 
King’s College, Newcastle upon Tyne, during 1958-59 
will be: October 31, Prof. R. A. Raphael, “The 
Acetylenic Approach to the Synthesis of Natural 
Products’’; November 21, Prof. H. C. Longuet- 
Higgins, ‘Recent Developments in Quantum Chem- 
istry’ ; January 23, Prof. E. G. Cox, “The Molecular 
and Crystal Structure of Benzene”; February 20, 
Dr. R. E. Richards, ““Recent Developments in the 
Chemical Applications of Nuclear Resonance Spectro- 
scopy”. The following lecture will be given in 
association with the Royal Institute of Chemistry : 
November 7, Dr. J. Harris, “From Barley Corn to 
Bottle”. The following lecture will be given in 
association with the Society of Chemical Industry : 
January 16, Dr. E. R. Wilson, “An Industrial 
Approach to Basic Research: Fabric Substantive 
Fluorescing Agents”. The lectures will be given at 
5,30 p.m. in the Chemistry Department. 


Announcements 
Dr. Harotp Moors, director of the British Non- 
Ferrous Metals Research Association during 1932-44, 
been elected an honorary member of the Iron 
and Steel Institute, of which he has been a member 
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for fifty-seven years; of the twelve living honorary 
members of the Institute, only one other, Sir William 
Larke, is British. 


Mr. M. G. Morris (Cambridge) has been awarded 
the first V. H. Blackman Postgraduate Research 
Studentship, of £500 per annum for three years and 
tenable at East Malling Research Station, for research 
in applied entomology. 


THE annual general meeting of the Association of 
Clinical Biochemists was held at the Royal College 
of Surgeons, London, on October 4. The following 
officers were elected for 1958-59: President, Prof. 
E. J. King ; Chairman, Dr. A. L. Latner ; Honorary 
Treasurer, Dr. J. H. Wilkinson ; Honorary Secretary, 
Dr. A. L. Taérnoky, Royal Berkshire Hospital, 
Reading. 


THE Education * + * the Corrosion Group of 
the Society of Chem.ca: sndustry will again award a 
prize for an essay on corrosion science by a young 
author, less than twenty-seven years of age by the 
closing date, March 31, 1959. A length of about 
4,000 words is suggested. Further information can 
be obtained from Corrosion Group Essay Competition, 
c/o Society of Chemical Industry, 14 Belgrave Square, 
London, 8.W.1. 


FULL-TIME and part-time courses in polarography 
organized by the British Polarographic Research 
Institute will be available during the session com- 
mencing November 1958. Further information can 
be obtained from the secretary, Mr. W. J. Parker, 
55 Oriental Road, Woking, Surrey. 


THE Northern Branch of Aslib is arranging a sym- 
posium on “Practical Aspects of Special Library 
Work” in Sheffield on November 27 and 28. Further 
information can be obtained from Miss E. Boddy, 
The Retreat, Tideswell Lane, Eyam, Nr. Sheffield. 


A CONFERENCE on “Fuel and Power in British 
Industry” organized by the Manchester Joint 
Research Council is to be held in the Manchester 
College of Science and Technology during November 
5-7. Sessions will be devoted to resources and 
utilization of coal and of oil, to nuclear power and to 
electricity. Further details may be obtained from 
the Joint Hon. Secretaries, Manchester Joint Research 
Council, Manchester Chamber of Commerce, P.O. 
Box 559, Manchester, 2. 


THE autumn meeting of the Parasitology Group of 
the Institute of Biology will be held on October 24, 
in the rooms of the Royal Entomological Society, 
41 Queen’s Gate, London, 8.W.7. The morning 
session will be devoted to ‘“Chemotherapy of Parasitic 
Diseases”, followed in the afternoon by a discussion 
of “The Problems of Publication”, from the points 
of view of editor, publisher and contributor. The 
meeting will be open to non-members. Further 
details can be obtained from the honorary secretary 
of the Parasitology Group, Dr. June Mahon, Depart- 
ment of Zoology, Bedford College, Regent’s Park, 
London, N.W.1. 


Erratum. In the communication entitled “‘ ‘Cross- 
ing’ Paper Electrophoresis for the Detection of 
Immune Reactions”, by Prof. 8. Nakamura and T. 
Ueta, published in Nature of September 27, p. 875, 
in Fig. 1A the line labelled Ab should be labelled 
Ag and vice versa. 
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CONTEMPORARY PROBLEMS IN MATHEMATICAL TEACHING 
AND STAFFING 


T is now generally recognized that, in the drive to 
meet the modern needs of Great Britain on the 
industrial side, many new problems are emerging in 
relation to the creation of the necessary scientific and 
technological personnel. Two of these, in particular, 
arise out of the comparatively recent appreciation of 
the fact that mathematics has moved into a central 
position in the study and development both of 
science and of technology. There is scarcely a sector 
of these that is not leanir.g more and more on mathe- 
matical techniques. This, therefore, poses a new task 
to the mathematical profession ; and those who are 
concerned that it should be effectively carried out 
can see at once the two problems that stand out 
sharply. One relates to the content and mode of 
presentation of the subject-matter that must be 
taught both at school and at university. The other 
is concerned with the supply of teachers with mathe- 
matical qualities adequate to the new tasks that face 
the profession. It is therefore not at all surprising 
that at almost every scientific gathering these two 
issues come up for discussion. 

Section A (Mathematics) jointly with Section L 
(Education) of the British Association meeting in 
Glasgow devoted the whole morning of September 2 
to precisely these questions. Mr. W. J. Langford, 
president of the Mathematical Association, presented 
an interesting survey of the history of the movement 
for reform of mathematical teaching at schools, from 
the days when “Euclid” constituted the mathe- 
matical Bible, to the modern many-sided approach, 
where it is possible to dip into the calculus at a 
relatively early stage. Now, however, the problem 
has sharpened in another way. As the universities 
strive to carry their final-year students right to the 
frontiers of knowledge in this rapidly developing 
field, the schools are expected to keep pace with what 
must inevitably be a rising standard of entry, unless, 
indeed, the period of university study is itself cor- 
respondingly lengthened ; and this is occurring at a 
time when apparently less than one-third of those 
engaged in the teaching of mathematics at school have 
specific qualifications in this subject. Mr. Langford 
indicated the possibility that in the near future there 
may be established an institute of mathematics, 
comparable to the engineering institutes, which might 
offer a qualification capable of being acquired by 
teachers of mathematics who have not reached 
graduate standard, but are willing to improve their 
knowledge of the subject presumably while still 
engaged in teaching. 

The dangers inherent in the present position were 
sharply underlined by Prof. L. Rosenhead, who made 
a searching survey of our present resources in mathe- 
matical el, in order to examine how far it 
might be possible by 1970 to attain to double the 
number of mathematical teachers that were avail- 
able in 1955, as hoped for in the present plans. 
Whether it is consciously visualized or not, for this 
purpose school and university education is a single 
process, so ‘that in the last resort the problem of the 
universities and the colleges in this matter of scientific 


and technological supply is intimately bound up with 
what happens in the primary schools. In the U.8.8.R. 
this has long been recognized, and they are now 
reaping the advantages of planning on an integrated 
basis. In Britain, teachers of arithmetic at the 
primary stage have in general no mathematical 
knowledge; while again, at the later stages, the 
potential mathematical interest of the children is 
often destroyed by the inability of the teacher to 
awaken the interest of the pupil by opening up to 
view the wider horizons. At the present moment, 
there is a frantic search for mathematical school 
teachers. Since quite a large proportion of those who 
actually teach the subject have almost negligible 
qualifications in it, already in some girls’ schools the 
teaching of some branches of mathematics has been 
given up. In such circumstances, deterioration must 
inevitably set in. 

Prof. Rosenhead asserted that over the past twenty 
years there had been a definite fall in the level of 
preparedness at university entry, and if university 
standards are to be maintained, as they must, the 
proportion of failures is bound to increase. As a 
temporary measure he suggested an expansion of the 
present trend towards the grouping of schools on an 
area basis for such special teaching, and that no one 
should be allowed to remain in the sixth form for 
more than two years. Such expedients, of course, 
clearly do not get down to the root of the matter, 
which is the simple fact that those who take high 
mathematical qualifications at the university are 
now being attracted elsewhere than into the teaching 
profession. Industry has within the past decade 
become conscious of the fact that it is able to use 
highly skilled mathematicians of almost all kinds— 
both pure and applied, analysts and computing 
machine programmers—and the nature of the tasks 
such mathematicians encounter seem to appeal to 
them more strongly than the work of the teaching 
profession. Over and above all this, of course, is the 
hard fact that salaries are higher in industry. It has 
therefore become the exception rather than the ruie 
to find mathematical students who are keen on 
teaching as a career. A generation ago the converse 
was true. It seems to follow that the standard of 
mathematical qualification within the teaching pro- 
fession must deteriorate, so that industry itself will 
finally begin to experience the effect of the shortage 
which it is itself helping to create. The fact is simply 
that there is too small an output of mathematicians 
to meet the prevailing needs, and the particular 
advantages that industry can offer tend to canalize 
those who are produced into that field. In such a 
situation, the decision as to which is the greater 
social priority is being left to blind economic forces. 
As both Mr. Langford and Prof. Rosenhead stressed, 
in present circumstances the coming generation 


' eannot possibly reach a standard of achievement 


in keeping with its native ability. 

Again the content of, and the approach to, mathe- 
matical teaching came under very sharp review. Mr. 
Langford had pinpointed the successive advances 
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that had been made in school teaching since the 
“Euclidean” days, and the gradual recognition that 
mathematics is a single co-ordinated subject, where 
it is possible to introduce such topics as analytical 
geometry and calculus long before algebra and 
geometry had been carried to the limits of school 
achievement. 

Prof. H. Levy dealt mainly with the teaching of 
applied mathematics, at the university-level, to 
students of various faculties. He pressed the view 
that diagrams on paper and blackboard should be 
realistically seen for what they are—simplified 
physical ‘models’ in chalk or carbon particles of 
actual things. Already, even at this stage, irrelevant 
elements in the medley of events in the real world 
have been dropped out, and from this rather grotesque 
model, sticking to an almost flat surface, it becomes 
relatively easy for the student to make the mental 
abstractions we call lines, curves and points. Mathe- 
matics, he asserted, deals in the first instance only 
with these abstractions, and in this way the mathe- 
matician sets out to develop a logical deductive 
system in place of the actual physical process that is 
being studied. The laws of Nature—Newton’s laws, 
for example—are extracted and abstracted from the 
medley of real objective events ‘out there’, and enter 
as mere mathematical assumptions into the logical 
analysis. It is important for a student to see this 
clearly in order to undermine the ‘mystique’ of a 
mathematically derived formula, and to underline the 
fact that its validity finally rests on verification by 
observation or experiment, and not merely on logic. 
In all this, imagination plays a very important part. 
To construct the appropriate ‘model’ on paper or 
blackboard, from the physical sequence of events, 
requires @ considerable effort of the imagination ; 
just as the sense of logical conviction itself rests on 
a mental scrutiny of imagined alternatives at each 
step of a proof. 

From this point of view Prof. Levy sharply 
criticized the usual sets of examples and exercises in 
text-books, in which the author himself has already 
made the principal geometrical abstraction, expressing 
it through the phrasing of the question, while the 
dynamical principle that is to be used in the logic is 
made obvious from the place of the example in the 
text-book. While not undervaluing that kind of 





A JOINT session of Section I (Physiology/Bio- 

chemistry) and Section L (Education) of the 

British Association and of the Physiological Society, 

held in the Institute of Physiology, University of 

Glasgow, on September 3, was devoted to a dis- 

_ of “Physiology as an Education and as a 
reer”, 

In the absence of Prof. A. V. Hill his introductory 
remarks were read, with evident sympathy and signal 
effect, by one of his former junior colleagues, Prof. 
R. W. Gerard, of the Department of Physiology, 
University of Michigan. Prof. Hill began by recalling 
what he had said on this topic on several occasions 
from the 1920’s onwards. In these he emphasized 
the need to free physiology from the bedside attach- 
ment of its earlier years and allow it to come in its 
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‘drill’, he insisted that teaching and learning are 
simply two aspects of one process in which both 
teacher and student are engaged. It follows from 
this that the teacher must be seen by the student to 
wrestle with a problem, and, if necessary, to be beaten. 
The problem must be real, and not a faked-up one 
designed to come out. Preferably, it should be 
brought by the student out of his own experience 
so that the successive steps in forming the abstrac- 
tions may become apparent. Familiarity with both 
geometrical and dynamical abstractions plays a 
significant part in pointing the way towards this 
reduction of actual physical problems to those of 
logic. Finally, the precise verbal formulation of the 
problem in concise terms, as it would appear in a 
text-book, is itself a crucial educational step. Prof. 
Levy concluded by stating that in his view it was 
desirable that every mathematical department should 
have available as many bits of machines as possible, 
in order that the student should take them to pieces 
and re-assemble them, and so seek to isolate the 
dynamical factors that appear to be in operation 
during their functioning. In this way the geo- 
metrical and dynamical abstractions that require to 
be made in order to analyse the process from the 
mathematical point of view would become apparent. 
This kind of training, consciously applied and con- 
sciously appreciated by the student, was essential if 
he was to play his part gua mathematician in modern 
indusiry. 

Dr. E. A. Maxwell turned to the problem of the 
teaching of pure mathematics, and in particular he 
raised the question by what process could the student 
be encouraged from the beginning to appreciate the 
importance of rigorous and accurate thinking, and, 
as part of this, the specific limitations under which 
the theorems he was using were valid. To this end 
he stressed the educational value of using the method 
of contradiction, in a direct form, by ‘proving’ a 
number of propositions of the 2 = 1 type, for the 
purpose of intriguing the student in the first place. 
As a consequence, his interest is enlisted in dis- 
covering where and how precisely the limitations of 
the method used have been overstepped. This he 
illustrated with a variety of examples from a wide 
range of mathematics. An excellent discussion 
followed a most interesting morning session. 


own right to full stature, as the interpretation of the 
mechanisms and integrations of normal life. Thus 
physiology would be brought into a wider service of 
mankind in the modern fully industrialized State.. It 
has become necessary to spread into new fields the 
knowledge of the “exquisite structure of the body” 
and the proper understanding of its functional 
capabilities and limitations. In all this there is need 
for first-class brains because in the biological field the 
data are much more intractable than are those in the 
inorganic field. This battle for the status of physio- 
logy in its own right is slowly being won. Much 
could be'done by capturing early the. imagination and 
interest of the young and securing recruits by means 
of practical demonstrations and teaching in the 
schools, 
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Prof. Hill’s Royal Institution Christmas Lectures, 
later published as “Living Machinery” (Bell ; 1927), 
have shown just how successful this could be. 

Dr. J. A. B. Gray (University College, London), 
who read a paper on “Physiology in Universities”, also 
stressed the emancipation of physiology from its ancil- 
lary position in medicine. Physiology is the study of 
the mechanisms of living species and can be studied 
at different levels, in cells, in tissues, in organs, in 
systems and in individuals. It can be applied, not 
only to man in his life in a more or less normal 
community, but also to man at the summit of Everest 
and at the South Pole. It also extends over the widest 
limits of the comparative field from bacteria to man. 
He pointed to the growth of physiology as a subject 
in the faculty of science in one-year, two-year and 
honours courses. This field offers a unique oppor- 
tunity for experiment and for the application of 
physics and chemistry to the fundamental processes 
of all living organisms. There is opportunity for a 
much fuller study of man in his place in the modern 
industrial and engineering world, in the design of 
instruments and machines to be operated by men and 
in the determination of the limiting factors in 
efficiency and endurance in new environments. 
Much closer links should be forged with psychology ; 
philosophers, too, might profit from a course in 
physiology. 

Thus while physiology must remain as an essential 
introduction to clinical medicine—the Institutes of 
Medicine—there are many reasons why ample provi- 
sion should be made in every university for such 
courses in the faculty of science to meet other urgent 
needs. 

Mr. H. P. Ramage (Gresham’s School, Holt), 


dealing with “Physiology in Schools’, spoke with 
obvious feeling and emphasis on the pressing need 
for a balanced education, not just as between science 
and the other subjects but within the field of science 


itself. Looking back to the findings of a Royal 
Commission of 1864 where the place of biology in 
schools was recognized, he pointed to the very small 
number of schools, and particularly boys’ schools in 
Britain, where biology takes its proper place in the 
science curriculum. Biology is, he maintained, a 
necessary part of general science and general science 
a necessary part of general education. It is important 
to realize the value of biology for those who later 
would not go on to university, as well as for those who 
would. Much too strong an emphasis is being placed 
on the inorganic sciences in schools and this gives an 
unduly mechanistic bias to the minds of the young. 
Too few biology teachers are available in the schools. 
' The Science Masters’ Association is preparing a policy 
statement in the hope of restoring balance to 
the present lopsided presentation of science in 
schools. 

Dr. W. Cobb (National Hospital, Queen Square, 
London), speaking on ‘Physiology in Medical 
Research”, used the story of Berger’s early pure 
research into changes in electrical potential on the 
human cerebral cortex, later confirmed by Adrian, 
to demonstrate how a piece of pure research may later 
have an extensive practical application. The original 
research was the patient, disinterested and long 
unappreciated work of an individual. It was, how- 
ever, to become in the hands of many others the 
electroencephalograph, a routine procedure of diag- 
nostic value, widely used in many cerebral conditions. 
Such an example of the later development of practical 
applications of pure research is one of many. Physio- 
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logy will continue to discover new procedures which 
will later have quite unforeseen usefulness in other 
fields. 

In neurology Dr. Cobb felt that too little work in 
cerebral physiology is being done in Britain. There 
is still a gulf, relatively unbridged, between the 
traditional clinical observational neurologist after 
the pattern of the great neurologists of the past, and 
the modern neurophysiologist trained in electronic 
techniques. 

Dr. D. P. Cuthbertson (Rowett Research Institute, 
Aberdeen) read a paper entitled “Careers for the 
Physiologist in Agricultural Research’. On the 
successful application of science to agriculture, which 
is the basic industry in Britain, Dr. Cuthbertson main- 
tained, our future depends; and in this application, 
physiology has a foremost place. In agricultural re- 
search much has been done but much more re- 
mains to be done in the extension and orientation of 
physiological methods to urgent problems. As an ex- 
ample he described briefly the fascinating set of prob- 
lems associated with digestion in the ruminants, where 
the problems of animal digestion are complicated by 
those of microbiology. He did indeed suggest that 
the physiologist who wishes to enter agricultural 
research should have a preliminary training in 
microbiology. He directed attention also to the need 
for extensive environmental studies, as for example 
the basic work being done at the Hannah Dairy 
Research Institute on temperature regulation in 
cattle. Another expanding area is that associated 
with the use of insecticides, where problems branch 
out into many other fields. There are other urgent 
questions pressing for solution, but where, asked 
Dr. Cuthbertson, are the physiologists ? 

Dr. J. Yule Bogue (Pharmaceuticals Division, 
Imperial Chemical Industries, Ltd.) spoke on 
“Physiologists in Industry’’. 

Industry has to undertake research, some of it of a 
fundamental nature, in its efforts to further its own 
strictly practical aims, for example, the preparation 
of new pharmaceutical products. In a university 
post, the young physiologist has to combine research 
with teaching: in industry he or she has to link 
together research and routine testing. Just as 
good research in universities is associated with and 
indeed stimulates good teaching, so good research in 
industry is associated with good routine work and 
might indeed find in it interesting new problems. 
Physiologists in industry are faced with two groups 
of questions requiring solution. (a) Problems of 
environmental physiology, for example, in the determ- 
ination of the conditions in industry which make 
for maximal efficiency : how man may best be pro- 
tected from hazards of many kinds, or how the design 
of instruments may give the least possible fatigue, 
etc. In this group the medically qualified physiolo- 
gist is essential. (b) Problems which emerge in the 
study of the action of new products and in the search 
for further products. These are largely dependent 
on comparative physiology and may range widely : a 
medical qualification is not required. 

As a preparation for industrial work a wide general 
physiological experience is best; specialization can 
be provided in the industry itself when necessary. 
Dr. Bogue refuted the suggestion that the scientific 
staff may be under pressure from the management : 
rather it is a question of the research colleagues 
supplying the incentive. Generous provision is made 
in industry for the scientific staff to attend and take 
part in academic and scientific societies. 
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Reading a paper on “The Training of Physiologists’, 
Prof. D. H. Smyth (University of Sheffield), who has 
had a lifelong interest in educational problems, began 
by speaking of the two different types of individual 
who might take up physiology as a career. One is 
the mathematically-minded person who, perhaps, 
shows his true bent in his hobby of taking the family 
car to pieces and putting it together again. The other 
is the biologically-minded individual whose leisure 
time has been for years expended in early nature 
studies and who later becomes the serious bird- 
watcher, fisher or amateur botanist, for he is essenti- 
ally an outdoor type. While the biologically-minded 
type is better equipped to see the real physiological 
problem and has much more highly developed powers 
of observation, it is the mathematically-minded type 
who would in the end make a satisfactory analysis 
of the problem and offer an adequate mathematical 
solution. In direct contrast to Mr. Ramage, Prof. 
Smyth was inclined to question the value of biology 
as a subject in the school curriculum. It is unfor- 
tunate that the educationists are as a rule inclined 
to put their bright pupils into physics and chemistry 
and the less bright into biology. What is needed is 
a combination of a good mathematical training and a 
driving interest in living organisms and how they 
function. Without the essential motive the more 
mechanically minded may become just purveyors 
of gadgets. 

In the general discussion that followed these short 
papers, a questioner was assured that up to the 
present no difficulty has been experienced in placing 
women graduates in physiology, and also that no 
discrimination against women with first-class honours 
degrees exists in industry. 

Dr. Bogue stressed the fact that recently graduated 
candidates would only be accepted for research by 
Imperial Chemical Industries, Ltd., if they had 
first-class honours degrees. He made it clear, 
however, that many second-class honours graduates 
were used in the more routine technical work. In 
his experience industry had found it well worth while 
to give a first-class honours chemistry graduate as 
much as three years special training in physiology 
or pharmacology to get the individual they wished. 

There appears to be little accurate knowledge 
available of the actual number of posts open to physio- 
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logists in Britain. In view, however, of the number of 
unfilled vacancies there seemed to be no likelihood 
of over-crowding within the next few years. Dr. 
Gray spoke of even third-class honorrs grad- 
uates having no difficulty in finding suitable 
work. 

Prof. Gerard then spoke of his own interest in this 
question and in the survey made recently by a 
committee in the United States, and published under 
the title ‘“‘Mirror to Physiology”. He discussed the 
status of physiologists in America and the need for 
more physiologists there, and also for an improvement 
in the standards of the lower levels of physiology 
teaching. 

Dr. R. H. Noltie directed attention to the develop- 
ment of physiology teaching in university and college 
departments of biology and zoology, in isolation from 
the traditional physiology departments. 

The discussion closed with some telling remarks by 
Sir Charles Lovatt Evans. He reminded the meeting 
of the difference in rate of development which often 
means that the good second-class honours man 
eventually became the first-class researcher who 
makes the real advances in our knowledge. It was not 
always true that the first-class honours man became 
the first-class research worker. Sir Charles thought 
also that the present concern in many circles for 
technology and technicians is not without its dangers. 
Science is a way of thinking and technology is a way 
of doing things. In his view, there can be no doubt 
which is the more important. 

Thus several points emerged which merit considera- 
tion at a future date: (1) The value of the teaching 
of biology in schools, including some elementary 
physiology, to all those who will not proceed later to 
university ; (2) the place of biology beside chemistry 
and physics in the school programme for those who 
will eventually go to a university ; (3) the integration 
of the teaching of physiology in colleges and univer- 
sities where this is now being done outside the 
departments of physiology ; (4) the need for a survey 
of the number of physiology graduates required each 
year not only in the traditional physiology college 
and university departments but also throughout the 
whole field, so that trainmg may be geared to the 
numbers required and diversified to meet the various 
new demands. H. 8. D. GaRvVEN 


SEMICONDUCTOR RESEARCH 


N the ten years that have elapsed since the inven- 

tion of the transistor, the close interaction between 
academic interest and industrial requirements in the 
semiconductor field has led to the growth of many 
industrial and government laboratories with interests 
in this subject. Because of the connexion with 
academic work, these laboratories were readily able 
to grow by attracting graduates of suitable calibre. 
This has naturally led to much research activity in 
the semiconductor field, and this is nowhere more 
pronounced than in the United States. There the 
transistor was invented, and there alone has it been 
marketed competitively. It was therefore appro- 
priate that the bi-annual international conference on 
Semiconductors should at last be convened in the 
United States, having previously met in Britain, 
Holland and Western Germany. The attractive and 





spacious campus of the University of Rochester was 
selected, and the meeting was held during August 
18-22 under the chairmanship of John Bardeen. 
Almost all centres of semiconductor research were 
represented. 

Even with the restrictions placed by the organizers 
on the number of papers read at the conference, their 
detailed discussion is not possible here. The general 
headings have not changed very much since the last 
meeting in 1956 !, but some changes of emphasis have 
occurred in the interim and will now be surveyed. 

Excitons. There was considerable interest in 
excitons at the 1956 meeting’, with particular 
reference to the pioneer work of E. F. Gross (Lenin- 
grad) and S8. Nikitine (Strasbourg), who had noted 
exciton spectra. Their experiments, which were still 
questioned in 1956, have now been largely accepted, 
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and they both reported at Rochester on their work. 
In particular, Gross showed how the quadratic dia- 
magnetic Zeeman effect, rather than the linear 
paramagnetic effect, was observed in the cuprous 
oxide exciton spectrum. This suggests that the 
excitons behave here like positronium atoms, with 
equal effective masses for electron and hole. 

The propagation of photoconductivity in single 
crystals of cadmium sulphide over distances of milli- 
metres had been attributed tentatively to the 
properties of excitons’. This surprising result 
was reported in 1956 in a paper by Balkanski and 
Broser: the latter author now favours a different 
explanation of the results, namely, the scattering 
and re-absorption of luminescent radiation. He 
described experiments which furnish good evidence 
for his present view. In other papers (T. Muto, 
Tokyo; B. Goodman, Missouri; W. Martienssen, 
Géttingen) the role of excitons in ionic crystals was 
also discussed. 

Evidence for the creation of excitons in germanium 
and silicon has recently been obtained from the fine 
structure of the absorption edge. British work by 
G. G. Macfarlane and his colleagues at the Royal 
Radar Establishment, Malvern, as well as the 
theoretical interpretation by R. J. Elliott (Oxford) 
was given due prominence at the meeting. In the 
latter contribution, the new material included a dis- 
cussion of the effect of the Coulomb interaction, 
previously neglected. Work at the Lincoln Labor- 
atory (B. Lax et al.) has confirmed some of these 
results, and an exciton life-time of the order of 
10-14 sec. has been suggested for germanium in zero 
field. Fine structure in the intrinsic recombination 
radiation (J. R. Haynes et al., at the Bell Telephone 
Laboratories) is consistent with this optical absorp- 
tion work. There is, therefore, now firm experimental 
evidence for the existence of excitons in both 
elemental and compound semiconductors. It is 
hoped to learn more from these experiments about 
the exciton spectra, and about the phonons which 
can take part in their excitation. 

Optical and magneto-optical effects. There has also 
been considerable progress in this field since 1956. 
In a magnetic field the electron states in a band are 
displaced on an energy scale to give rise to the 
so-called Landau levels. Since the optical transitions 
into the conduction band depend on the density of 
final states, one would therefore expect oscillations if 
the absorption coefficient is plotted against photon 
energy. Such oscillations due to interband transitions 
have been found, notably in germanium, InSb and 
InAs (E. Burstein et al., Philadelphia; B. Lax, 
Lincoln Laboratories), and progress has been made 
in the interpretation of the large amount of informa- 
tion now available. 

Low-temperature optical absorption experiments, 
made with the view of finding evidence for the 
excitation and ionization of impurities, have been 
pursued by H. Y. Fan et al. (Purdue), at liquid-helium 
temperatures and out to 300u, on various concen- 
trations of impurities in silicon and germanium. A 
significant development here is that in recent years 
the simple hydrogen-like model for the impurities has 
been replaced in the interpretation of experiments of 
this kind by the more refined model of W. Kohn. 
Upon applying a magnetic field the Zeeman splitting 
of the excited states can be observed. In addition to 
the magneto-optical interband oscillations men- 
tioned above, a similar effect must be expected if the 
electrons are initially in impurity states, and this has 
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also been observed (R. F. Wallis, Washington; W. 8. 
Boyle, Bell Telephone Laboratories). 

Reviews of work on certain infra-red phosphors 
(G. F. J. Garlick, Hull) and of conductivity and 
luminescence of diamonds (E. W. J. Mitchell, 
Reading) were also given. 

Recombination. So far as the theory is concerned, 
recent efforts in this field have been devoted to the 
investigation of more and more mechanisms with the 
view of explaining the experimental results, which 
are still poorly understood as regards absolute values, 
though the situation is better if one restricts attention 
merely to the explanation of shapes of curves. At 
the meeting, reasons for the large capture cross- 
sections (~ 10-4 cm.*) of traps in germanium and 
silicon were put forward (M. Lax, Bell Telephone 
Laboratories), and the part played by the Auger 
process in recombination was discussed. The main 
weight of research, however, has been concentrated 
on accumulating more experimental information. 
The work on the effect of dislocations on recom- 
bination-rates should here be mentioned as an active 
field (A. F. Gibson, Royal Radar Establishment, 
Malvern ; P. Baruch, Paris; R. K. Miiller, Minnea- 
polis; H. Kawamura, Tokyo). In particular, sur- 
prisingly detailed structure was reported in the 
recombination radiation through dislocation in 
germanium at 20° K. (C. Benoit 4 la Guillaume, Paris). 

Perhaps the most interesting ‘hard’ results (because 
they are older and confirmed) to be discussed were 
those on deep-level impurities in germanium, where 
different experimental methods led to the same 
picture, namely, the possibility of multiple ionization 
of the impurities (W. W. Tyler, Schenectady). Though 
the statistics of recombination through such centres 
appears to be well understood, a satisfactory cal- 
culation of the position of the energy-levels is still 
outstanding. 

Hot electrons, high-field effect and impact ionization. 
The term ‘hot electrons’ is due to Shockley (1951). 
(It is perhaps not generally known that the concept 
of effective electron temperatures in solid state 
physics appears to have been used first by H. Friéh- 
lich*.) The three concepts, hot electrons, high-field 
effect and impact ionization, are closely related, since 
a high electric field causes electron-hole pairs to be 
created by impact ionization—a conduction electron 
knocks an electron out of the valence band—and it 
also causes electrons to gain more energy than they 
can lose to the lattice, so that they can attain a 
temperature greater than that of the lattice. Among 
the main advances made since 1956 is the now wide- 
spread appreciation that one can realize, by impact 
ionization, quantum efficiencies in excess of unity. 
This is largely due to the work on the inner photo- 
electric effect by the Czech school (J. Tauc, Prague). 

Another interesting effect is the evidence of aniso- 
tropy in electric conduction at high fields, which can 
have the effect that some valleys (of the energy 
surfaces in k-space) become hotter than others, with 
a consequent transfer of electrons from the hotter to 
the colder valleys (W. Sazaki et al., Tokyo). Attention 
was also directed to the importance of electron — 
electron scattering with the resultant emission of 
optical phonons as a loss mechanism for hot electrons 
(J. B. Gunn, Vancouver). Interesting results, recently 
published in Physical Review Letters, on the use of 
pulsed current-voltage measurements to show the 
incidence of impact ionization in n-type single 
crystals of InSb were also presented (M. C. Steele 
and M. Glicksman, Princeton). 
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Other transport effects. In this field a large amount 
of detail has been filled in, and some was reported at 
the meeting, on both the older and the newer semi- 
conductors. The main Russian contribution may be 
mentioned here, namely, to direct attention again to 
the low-mobility semiconductors (A. Joffé, Lenin- 
grad), which may raise fundamental problems. For 
example, if the mean free path of electrons is of the 
order of: 1 = 10-* 4/(m./m)v cm., where v is the 
mobility and m, the effective mass of electrons, then 
1 is less than atomic distances for v < 10 cm.*/volt- 
sec., and therefore céases to have a meaning. The 
concept of energy-bands itself may become inapplic- 
able. Impurity scattering and mobility theory would 
both require extensions for this class of substances. 
The view was also expressed that the change of 
electrical properties during melting suggests that the 
zone structure of solids depends only on short-range 
order. Great difficulties, however, stand in the way 
of understanding disordered structures, to which a 
paper by C. Domb e¢ al. (London) was devoted. 

Substances which exhibit impurity-band conduction 
present some features of a disordered low-mobility 
system, but little progress in the understanding of 
this phenomenon appears to have been made, though 
interesting papers on this topic were presented at the 
meeting (germanium, H. Fritsche, Chicago; silicon, T. 
Longo et al., Purdue ; InSb, R. J. Sladek, Pittsburgh). 

Low-temperature photoconductivity in _ silver 
halides was described by J. W. Mitchell (Bristol) and 
F. C. Brown (Urbana). 

Bonds. In connexion with the renewed attempt to 
look beyond the band picture, a number of sub- 
stances have been studied recently the properties of 
which may possibly be more readily understood in 
terms of some chemical-bond picture. A curiosity 
among these is the compound AuCs, with two 
elements of the first group, which is a large-gap 
(EZ, ~ 2-9 eV.) semiconductor (W. E. Spicer and 
A. H. Sommer, Princeton). Also of interest are the 
Alll BVI compounds from the third and sixth group 
(for example, GaTe), which have been investigated 
by E. Mooser e¢ al. (Ottawa). These are semicon- 
ductors although they have nine valence electrons 
per anion, that is, one more than is normal in such 
semiconductors. 

Bands. There was at the 1956 meeting an almost 
complete absence of energy-band calculations!, but 
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this was not true of the 1958 meeting. Several 
American workers have recently reconsidered the 
status of the one-electron approximation, and W. 
Kohn (Pittsburgh) spoke on the justification of the 
one-electron effective-mass approximation from the 
many-electron Schrédinger equation. The effect of a 
magnetic field may require further consideration 
here. The use of potential operators in band cal- 
culations was also discussed. Particularly the k.p 
approach (E. O. Kane, Schenectady) has in recent 
years proved very useful, though it was suggested 
by J. C. Philips (Bell Telephone Laboratories) that 
rather large corrections may be required. Band 
forms discussed at the meeting included ZnS (J. L. 
Birman, Bayside), InAs (F. Stern, Silver Springs), 
GaAs (R. Braunstein, Princeton), apart from silicon 
and germanium. 

Surfaces. There has been steady consolidation in 
this field, which was surveyed by A. Many (Jerusalem). 
The distinction between fast and slow states appears 
to remain useful, and the origin of the fast states is 
still not understood, though they are believed to 
reside in the transition region from the bulk material 
to the surface oxide. The time-lag which usually 
exists before experiments on the bulk material are 
attempted for a restricted part of the surface layer 
is, however, shortening, and optical, magnetic and 
transport properties of surfaces were discussed (for 
example, by J. N. Zemel and R. L. Petritz, Silver 
Springs). The adsorption on germanium and silicon 
appears to follow a logarithmic rate law (S. Wolsky, 
Waltham), familiar in oxidation and chemisorption 
studies. Reproducible ‘clean’ (‘Farnworth’) surfaces 
can be produced by ion-bombardment or heating 
techniques, and these have now become standard 
procedures. 

The meeting closed with a very useful summary 
session, in which L. Apker, W. H. Brattain, H. 
Brooks, C. Herring and D. Polder took part, and 
one may express the hope that this will become an 
increasingly important pattern of future meetings. 
The proceedings will be published early in 1959 
in the Journal of the Physics and Chemistry 
of Solids, and the next meeting will probably 
take place in Prague in 1960. 

P. T. LANDSBERG 


1 Nature, 178, 1156 (1956). 
* Proc. Roy. Soc., A, 188, 521 (1947). 


THE EUROPEAN NUCLEAR ENERGY AGENCY 


NDER the title ““The European Nuclear Energy 

Agency and the Eurochemic Company*, the 
Organization for European Economic Co-operation 
has published the first report of its Steering Com- 
mittee for Nuclear Energy. It includes the Statute 
for the European Nuclear Agency, which the Com- 
mittee recommends the Council should adopt, as well 
as two draft conventions, one on the establishment 
of security control in the field of nuclear energy and 
the other on the constitution of the European Com- 
oslo Energy Agency and the Hurochemic Company. First Report 

e O.E.E.C, Counc’ 


of the Steering Committee for Nuclear Energy to il. 
1 (Paris: Organisation for European Economic Co-operation, 


1958.) 750 French frances; 12s.; 2 dollars. 





pany for the Chemical Processing of Irradiated Fuels 
(Eurochemic). The former is to be recommended to 
member governments for signature and the latter is 
to be submitted for signature to the governments 
interested. Amendments to its Statute are also pro- 
posed by the Study Group for the Chemical Pro- 
cessing of Irradiated Fuels and authorization is 
requested for expenditure by the Study Group of 
500,000 European Payments Union units of account. 
The Study Group also recommends that the proposed 
plant should be located at Mol in Belgium, but if it 
were decided later to construct a large plant the most 
suitable site is considered to be that proposed by 
Norway. The present plant is estimated to cost 
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12 million E.P.U. units of account and, including 
research, would require a staff not exceeding 400-450. 

The Steering Committee expects shortly to submit 
proposals for the joint construction or operation of 
two experimental reactor projects (boiling water 
reactor and homogeneous aqueous reactor) and is 
also to report shortly on the measures at present 
under discussion for liberalization of international 
trade. It is also to submit proposals regarding 
training, and particularly the assistance to be given 
to universities and higher technical colleges of member 
countries for training specialists ; health and safety, 
particularly the examination of projects for the 
discharge of radioactive waste, the evaluation of 
reactor hazards, and the international transport of 
highly radioactive materials; and liability and 
transport, particularly the drawing up of common 
rules concerning third-party liability in the nuclear 
field. Annexes to the report include a general descrip- 
tion of the recommended processing plant, the text 
of the proposed conventions and the amended Statute 


NATURE 








October 18, 1958 


of the Study Group, as well as the proposals of the 
working groups on experimental reactors and on 
nuclear power stations for their co-operative develop- 
ment in Europe. There is also a summary of the 
national programmes for building nuclear power 
stations in Austria, Belgium, France, Western Ger- 
many, Italy, the Netherlands, Sweden, Switzerland 
and the United Kingdom. 

On the basis of this report, the Council, on Decem- 
ber 17, 1957, adopted the Statute of the European 
Nuclear Energy Agency, and the International 
Convention on Security Control was signed by mem- 
ber countries of the Organization for European 
Economic Co-operation, on December 20. The text 
of this Statute and the Convention (see Nature, 181. 
952; 1958) are also appended to the report, which, 
with the details of membership of the study groups, 
working groups and working parties and of the 
Steering Committee itself, is a particularly useful 
reference document on the present development of 
nuclear energy in Europe. 
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THE TASMANIAN MUTTON-BIRD 


HE Tasmanian mutton-bird, Puffinus tenuirostris 

(Temminck), is known to ornithologists as the 
short-tailed or slender-billed shearwater, and was 
known to the Tasmanian aborigines as ‘yolla’ and to 
the white seafarers of Bass Strait as the ‘yowler’. 
Historically it is recorded earlier than white settle- 
ment of Australia ; sociologically it has importance 
as the only example of commercial wildfowling suc- 
cessfully surviving in Australia and in being the 
mainstay of that interesting community, the Cape 
Barren Islanders ; scientifically, i). amazes naturalists 
through the astonishing regularity of its breeding 
time-table, its widespread migration and its un- 
cannily accurate homing each year to its exact 
nesting site. It also occurs in such abundance that 
it could quite well be Australia’s most numerous 
bird. An interesting account of the bird has 
been prepared by D. L. Serventy*. 

Puffinus tenuirosiris is a long-lived bird, and, for 
its size, has an unusually lengthy period of sexual 
immaturity. Female birds begin to breed at 5-7 
years of age and males at 7-8 years. Immature birds 
do not make a landfall, once they leave their natal 
islands as fledglings, until they are 3-4 years of age. 

The sexually mature, breeding birds return from 
their migration to the nesting islands in the last week 
of September, and by then gametogenesis is well 
advanced. Burrows are actively scratched out, and 
voeal performances enliven the rookeries at night. 
Though egg-laying does not begin until the third 
week in November, a striking behavioural change 
occurs at the beginning of November. The birds 
vacate the islands entirely, and do not return again 
until the onset of egg-laying. 

The exodus follows immediately after fertilization, 
and the birds leave for the open sea while the single 
very large egg matures (it weighs about 85 gm. and 
is about 16 per cent of the female’s body- weight). 
Thowzh this pre-egg-laying exodus was known in the 
Tasmanian mutton-bird from early times, it was not 
detected in other petrels until comparatively lately. 
* Aust. Mus. Mag., 12, No. 10 (June 15, 1958). 





Egg-laying starts about November 20-22 and ends 
about November 30-December 2. The calendar is 
invariable from year to year and from rookery to 
rookery, though these are spread through eleven 
degrees of latitude—from near Ceduna, in South 
Australia, to southern Tasmania—adjacent to seas 
which differ widely in temperature, chemical com- 
position and currents. Year-to-year variations in the 
local sea conditions, or the weather, have no influence 
on the breeding calendar, which is the same now as 
when the earliest observers wrote their accounts more 
than a hundred years ago. This surprising constancy 
has yet to be fully explained. 

When the birds return to their nesting islands for 
the egg-laying the male gonad has dwindled drastic- 
ally in size, and the seminiferous tubules are in a 
state of fatty metamorphosis. No other avian species 
shows a more rapid collapse of the testis, though this 
may be characteristic of the petrel group. When the 
egg is laid, the female departs to the sea to recup- 
erate. 

The newly hatched chick is rarely tended continu- 
ously by the parents for longer than two days and 
is then left alone by day. Both parents share in the 
feeding, which takes place at intervals, and the young 
bird may have to undergo lengthy fasts of several 
days between Gargantuan banquets of krill. The 
growth-rate is rapid and the fledgling may come to 
exceed the weight of a large adult in little more than 
a month after hatching. The young birds emerge 
from the burrows at night, vigorously exercise their 
wings and at length make their own departure from 
the natal islands. This exodus of the fledglings 
usually occurs from the third week in April to the 
first week in May. 

The nature of this migration has long been a 
matter of speculation. Some ornithologists were 
loath to believe that the birds in the northern 
Pacific could be of the same breeding stock as the 
Australian birds. The first ornithologist to suggest 
that the north Pacific birds were Australian birds on 
migration was A. J. Campbell. It was only in 1955 
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that the first positive proof was obtained by a 
banding record. 

The route followed on migration appears to be 
largely conditioned by the direction and strength of 
the prevailing winds. By flying a roundabout ‘figure 
of eight’ course over the Pacific the birds are assisted 
by wind. The only place where they meet with any 
strong wind resistance is on the southward leg of the 
route when returning to Australia in the spring. 
Here they have to battle against the strong south- 
east trade winds which blow all the year round 
across the Pacific. Wherever they cross this belt 
the birds encounter strong winds. 

These youthful first- and second-year birds share 
in the general migration of the more mature birds, 
though some individuals among them may continue 
to spend the southern summer in the north. Such 
behaviour is not unusual with other trans-equatorial 
migrants, such as the waders. Even though they 
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may migrate south with the breeding birds, the 
first- and second-year individuals do not come ashore 
but remain at sea. It is only when they reach three 
years of age that they effect a landfall, and then only, 
comparatively briefly, between hatching time in 
January and the third week in March. The fourth- 
year birds show a similar behaviour, but more appear 
to come ashore at this age than at three years, and 
some individuals even put in an appearance earlier 
in the season, namely, from mid-December onwards. 
When they are five years and older the birds appear 
to come ashore with the breeding adults, though 
they remain unmated. 

Once a bird begins to breed on a particular site, it 
tends to return to the same spot each season with 
remarkable fidelity. Often it remains mated with 
the same partner. On Fisher Island there are several 
examples of birds which have bred together each 
year since observations first began in 1947, 


MORSE POTENTIAL 


By ROBERT W. KEYES 


Westinghouse Research Laboratories, Pittsburgh 35, Pennsylvania 


ORSE has proposed a three-parameter function, 
u(r) = Llexp{ —28(r—a)} —2 exp{ —8(r —a)}] (1) 


to represent the potential function for the motion of 
the nuclei of a diatomic molecule’. The function (1) 
has proved quite useful in the understanding of the 
properties of diatomic molecules, since Morse was 
able to solve the one-dimensional Schrédinger equation 
for motion in the potential u(r), and thus to express 
the molecular energy-levels in terms of the para- 
meters D, B and a. 

I wish to suggest how the potential for the anti- 
bonding state corresponding to (1) can be represented 
by a similar function. Compare function (1) witha 
one-electron system in which the quantum mechanical 
theory easily leads to an approximate analytical 
formula for the potential for nuclear motion, namely, 
the hydrogen molecule ion. In the approximation in 
which the wave function is considered to be a lineay* 
combination of atomic 1s functions and the Coulomb 
field of the second nucleus is considered as a per- 
turbation, the potential in question is : 


u(r) = f(r) exp(—2r/b)—g(r) exp(—r/b) — (2) 


where f(r) and g(r) are algebraic functions of r, the 
distance between the two protons, and 6 is the Bohr 
radius?, 

Now, in (2) we assume that the important depend- 
ence on r arises from the variation of the exponentials, 
rather than of the algebraic functions. That is, we 
make the approximations f(r) =f, and g(r) = go, 
where f, and g, are constants. It is then found that 
the minimum of the potential (2) occurs at r = c = 
b log (2f,/go), and that (2) can be written : 


u(r) = fo exp( —2c) [exp{—2(r —c)/b} — 

2 exp{—(r—c)/b}] (3) 
But (3) is the same as (1) with L =f, exp/{—2c), 
8 = 1/b, anda =c. 


Thus, it is seen that the first and second terms of 
the Morse potential (1) correspond to the first and 





second terms of (2), respectively. The theory*, how- 
ever, reveals the physical origin of the terms of (2). 
The first term arises from Coulombic interactions of 
the protons and electron, and is always repulsive. 
The second term arises from the resonance or exchange 
integral, and, for the state in question, is attractive. 
Thus, we identify the first and second terms of the 
Morse potential with the Coulombic and exchange 
effects, respectively. 

The usefulness of this interpretation arises from 
the fact that the potential function for the anti- 
bonding electronic state of the hydrogen molecule ion 
differs from the bonding state only in the sign of the 
exchange integral, except for an orthogonality cor- 
rection’. Thus we would expect that the potential 
for the antibonding electronic state arising from the 
atomic functions which give rise to (1) can be 
approximately written as: 


(r) + L{exp{—28(r—b)} +2 exp{—B(r—b)}] (4) 


The validity of the approximations involved in the 
use of (4) to represent the antibonding potential is 
checked jn Fig. 1, where the bonding and antibonding 
potentials given by the simple perturbation theory 
for orbitals composed of linear combinations of 
atomic 1s functions for the hydrogen molecule ion 
are plotted as solid lines. A Morse function (1) can 
be chosen to give a quite good fit to the bonding 
potential. The fact that the algebraic functions f(r) 
and g(r) have been replaced by constants shows up 
in that the value of 8 which gives the best fit of (1) 
to (2) is not exactly 1/6. According to (4), the anti- 
bonding potential corresponding to (1) can be 
obtained by simply changing the sign of the second 
term of (1). This antibonding potential is also 
plotted in Fig. 1 as a dashed line, and is seen to be a 
good approximation to the result of the perturbation 
theory. 

In a system in which many electrons contribute to 
the bond between two atoms, in general the con- 
tribution of some of the electrons to the bonding 
potential will be bonding and the contribution of 
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Fig. 1. The solid curves represent the nuclear potentials for the 
bonding and antibonding electronic states of the hydrogen mole- 
culeion. The dashed curve is obtained by fitting a Morse function 
to the bonding potential and reversing the sign of the second term 


other electrons to the potential will be antibonding. 
Thus, if it is assumed, (1), that the total potential, 
V(r), can be constructed by addition of contributions 
from individual electrons, and (2) that the parameters 
L, a and 8 are the same for all electrons involved in a 
particular bond, then V(r) is a linear combination of 
the potentials u(r), equation (1), and pgs(r), equation 
(4). It is easily seen that these linear combinations 
are also potentials of the Morse form. 

If the total number of electrons which contribute 
to V(r) is constant, all such linear combinations form 
&@ one-parameter family of Morse functions. Some 
members of one of these families are plotted in Fig. 2. 
An extensive analysis of the properties of such 
families of Morse functions will be described in a 
separate communication*. The particular result of 
the, analysis which will be used here is that the 
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tals Some members of a one-parameter family of Morse = 
tials of the type described in the text. The parameter p is the 
fractional amount of antibonding potential in the total potential, 


namely, Vir) = pyas (r) + (1—p) u(r) 
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Fig. 3. Comparison of empirical frequency versus bond-length 

curves, the solid lines (ref. 4), with those calculated according to 

equation (5), the dashed lines, from the properties of the ground- 

state of the corresponding diatomic molecules. These ground- 
states are indicated by the points on the curves 


parameter 8 is the same for all members of a family 
and that the vibrational frequencies, we’ and w,”, 
associated with two members of a family are related 
to the nuclear separations at the potential minima, 
re’ and r,”, by: 


We’ ae exp(—8 fe’) 
We” exp(—B re”) 


To use the concepts introduced here, we assume 
that various states of a particular molecular bond all 
involve the same number of electrons, and differ only 
in their distribution of electrons between bonding 
and antibonding states. Then equation (5) represents 
a correlation between the vibrational frequencies and 
internuclear separations of the states of the bond. 
It will be shown elsewhere that the present model 
gives a reasonable account of the relations between 
the properties of some familiar diatomic molecules in 
various states of excitation*. Here we may compare 
equation (5) with the empirical frequency versus 
bond-length curves recently given by Layton, Kross 
and Fassel‘ for the C—N and C—O bonds in poly- 
atomic molecules. 

To make this comparison we have evaluated the 
parameter § for the C—O and C—N bonds from the 
anharmonicities of the ground-states of the respective 
diatomic molecules, and have used for w,” and r,” the 
values observed for these states’. The curves «,’ 
versus fr,’ which are then found from equation (5) are 
plotted in Fig. 3, together with the curves given by 
Layton et al. It is seen that in both cases the corre- 
spondence of our calculated curve with the empirical 
one is quite close. 


1 Morse, P. M., Phys. Rev., 34, 57 (1929). 
* Pauling, L yand Wilson, E. B., “Introduction to ~epeaeae Mechanics” 


(5) 


(McGraw- Hill, New York and London, 1935) 
* Keyes, R. W., J. Chem. Phys. (in the press). 
‘ kaye at M., Kross, R. D., and Fassel, V. A., J. Chem. Phys., 25, 
* Herzberg, G., “Molecular Spectra and Molecular Structure. I. Diatomic 
Molecules” (D. van Nostrand 
Jersey, 1945). 
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By Dr. ALICK ISAACS and Dr. DEREK C. BURKE 


National Institute for Medical Research, London 


NTERFERON is the name that was given to a 
substance produced by the interaction of in- 

activated influenza virus with cellst. Interferon 
inhibits the growth of a variety of viruses and it 
seems to be the mediator of the phenomenon of virus 
interference. Its antiviral action, which includes 
ribonucleic acid viruses like those of the influenza 
group and deoxyribonucleic acid viruses like those of 
the pox group, seems to be directed at some early 
stage in the virus multiplication cycle within cells. 

It was found earlier that when heated (56° C.) 
influenza virus was incubated with chick chorio- 
allantoic membranes in vitro, interferon was formed 
for a period of about 24 hr. only; but a second 
inoculation of heated virus then produced a second 
‘crop’ of interferon’. This finding led to an investi- 
gation of other stimuli which might produce a second 
crop of interferon. It was observed that, in general, 
only virus capable of inducing production of inter- 
feron in untreated cells had the same effect in cells 
previously incubated with heated influenza virus. 
But one exception was found : live influenza virus, 
which does not normally produce interferon during 
the course of its multiplication in normal chorio- 
allantoic membranes, did so when incubated with 
membranes in which interference had been induced 
by previous incubation with heated influenza virus*. 
Since interference seems to be mediated through 
interferon, which is itself incapable of repro- 
duction, it was of interest to see whether live virus 
would produce interferon in cells previously treated 
with interferon. 

The experiment was carried out as follows. Three 
sets of chorio-allantoic membranes were used—one 
experimental and two control. Sufficient interferon 
to produce about 95 per cent interference with the 
growth of influenza virus was added to two sets of 
membranes, and Earle’s buffered salt solution to the 
third. The membranes were incubated at 35° C. in 
bottles in a shaking machine delivering 86 strokes a 
minute with an amplitude of 1 in. After 3 hr., the 
membranes were removed, washed thoroughly and 
incubated overnight in buffer. Next day the mem- 
branes were incubated in the same way, but two 
sets with live influenza virus (strains MEL or PR8) 
and the third with buffer ; the amount of influenza 
Virus used corresponded to an estimated multiplicity 
of about one [D50 per cell. After 3 hr. the membranes 
were again washed and incubated overnight with 
buffer. The fluids were removed, and titrated for 
hemagglutinin, in order to demonstrate satisfactory 
growth of influenza virus in control membranes, and 
inhibition of virus growth in membranes pre-treated 
With interferon. The fluids were next dialysed over- 
night against buffer at pH 2 (a procedure which 
inactivates virus but leaves interferon unaffected), 
then dialysed back to pH 7 and centrifuged to re- 
move precipitates before testing for interferon content. 

The fluids from the second 24-hr. period were 
tested for their ability to inhibit the growth of 
influenza virus in small pieces of chorio-allantoic 





membrane in vitrot. At the same time, the fluids 
from the first 24-hr. incubation period were usually 
tested for control purposes and they invariably 
showed no interferon. The results of one experiment 
of this kind are shown in Table 1, where the interferon 
content of the fluids is expressed as the amount of 
inhibition (log,) of virus growth produced in the test 
system. 


PRODUCTION OF INTERFERON BY LIVE VIRUS IN CELLS 
PREVIOUSLY TREATED WITH INTERFERON 


Table 1. 





Yield of interferon* 
(logs) 








First inoculum Second inoculum 




















Interferon Buffer 0:2 
Buffer Live influenza virus 1-1 
Interferon Live influenza virus 5-7 

* Expressed as the amount of inhibition (log,) of virus growth 


produced in the test system. An inhibition of log, = 2 is significant 
at the 1 per cent level (ref. 1). 


It is seen that treatment of chorio-allantoic mem- 
branes with interferon followed by buffer did not 
produce interferon in significant amount, nor did 
growth of virus in previously untreated membranes. 
But in membranes pre-treated with interferon a 
highly significant amount of interferon was produced. 

This type of experiment can now be reproduced 
regularly ; but difficulties were encountered at first. 
In one group of experiments with a particular batch 
of interferon, the interferon appeared to be repro- 
ducing itself; this was traced to the fact that this 
batch contained a small amount of live influenza 
virus resulting from the use of incompletely in- 
activated virus in the production of this batch of 
interferon. When the interferon was incubated with 
chorio-allantoic membranes, some multiplication of 
the virus presumably occurred before interference 
was established, and this virus was then able to 
induce further production of interferon in the mem- 
branes which had adsorbed interferon earlier. In 
order to avoid this difficulty in later experiments, 
each batch of interferon was treated at pH 2 to 
destroy any live virus. Another point was that an 
adequate amount of interferon was required for the 
priming dose, as it was found that the greater the 
priming dose of interferon the greater the yield 
following incubation with live virus. It was also 
found necessary to use a dose of live virus sufficient 
to infect all cells in the first cycle ; when fewer cells 
were infected a smaller yield of interferon resulted 
within the period of incubation. One final difficulty 
was that some batches of live virus produced inter- 
feron in untreated membranes. The reason for this 
may have been the use of old virus seeds in which 
interferon apparently accumulates. This requires 
further investigation, but from the point of view of 
the present experiments the difficulty was avoided 
by using fresh 24-hr. harvests of virus. 

These experimental difficulties, once resolved, 
tended to confirm the fact that live virus produced 
interferon in cells previously treated with interferon. 
This might be explained by assuming that interferon 
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Table 2. Errect OF HEAT ON THE ABILITY OF ULTRA-VIOLET 
IRRADIATED INFLUENZA VIRUS TO PRODUCE INTERFERON IN UNTREATED 
AND INTERFERON-TREATED CELLS 





Yield of 
interferon | 
(log:) 


Ultra-violet inactivated influenza virus 2-9 
Ultra-violet inactivated influenza virus 4-1 
Ultra-violet inactivated virus heated 
1 hr. at 60° C, 0 
Ultra-violet inactivated virus heated 
1 he. at 60° C. 0 


First Second inoculum 


inoculum 
Buffer 
Interferon 
Buffer 


Interferon 














| 
| 
| 
| 
| 





was taken up by the cells, from which it could later 
be released by live virus. But ground extracts of the 
chorio-allantoic membrane prepared 24 or 48 hr. 
after inoculation of a large dose of interferon showed 
a negligible content of interferon. It seems more 
likely, therefore, that the live virus induced synthesis 
of interferon. This is supported by the experiment 
summarized in Table 2. In this experiment the 
technique was the same as in the experiment shown 
in Table 1. 

The results show that when irradiated virus is 
heated to destroy its ability to produce interferon in 
untreated membranes, it loses its ability to do so in 
interferon-treated membranes. 

These experiments suggest that cells treated with 
interferon and afterwards infected with live virus 
produce interferon instead of live virus. Interferon 
appears to be a protein, and it may therefore be an 
analogue of a protein normally formed during virus 
synthesis. If so, the mode of action of interferon 
could be described as deflecting virus synthesis from 
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the production of a normal protein intermediate 
towards the production of interferon, which represents 
a ‘blind alley’ in virus production. Virus interference 
would then result from the same re-direction of the 
virus synthetic pathway. 

With regard to the possible functions of the protein 
in virus multiplication, some recent work on phage 
may be relevant. Burton‘ has described experiments 
which show that early during phage growth, syn- 
thesis of phage deoxyribonucleic acid is preceded by 
synthesis of protein that is not a precursor of phage 
protein; and Stent® has produced evidence which 
leads him to suggest that at the onset of phage 
infection, phage deoxyribonucleic acid may transfer 
its information to a newly synthesized protein. If 
an animal virus replicates by transferring the in- 
formation in its ribonucleic acid to a newly synthesized 
protein, then interferon could be an analogue of that 
protein. We might describe these results in the 
following terms: viral ribonucleic acid supplies both 
the pattern and the stimulus for replication, the 
pattern being mediated through the production of a 
protein. Interferon supplies only the pattern for 
replication. In the present experiments, viral ribo- 
nucleic acid infecting interferon-treated cells would 
find the pattern for replication already established 
by interferon, and the viral ribonucleic acid would 
then supply only the stimulus to replicate. 

1 Isaacs, A., and Lindenmann, J., Proc. Roy. Soc., B, 147, 258 (1957). 

2 Lindenmann, J., Burke, D. C., and Isaacs, A., Brit. J. Exp. Path., 
88, 551 (1957). 

* Burke, D. C., and Isaacs, A., Brit. J. Exp. Path. (in the press). 

‘ Burton, K., Biochem. Soc. Symp., No. 14, 60 (1957). 

* Stent, G. S., “Adv. Virus Res.”, 5, 95 (1958). 


DEGRADATION OF bL-METHIONINE BY RADIATION 
By JIRINA KOPOLDOVA, JAROSLAV KOLOUSEK, ARNOST BABICKY and JINDRICH LIEBSTER 


Biological Institute of the Czechoslovak Academy of Sciences, Prague 


N our previous communication!? the degradation 

of pt-methionine by X- and f-rays was studied 
chromatographically with special regard to the 
degradation products containing sulphur-35. 

In experiments reported here the quantitative 
relations between the irradiation dose, the amount of 
ammonia liberated and the decrease of methionine 
were determined. The ninhydrin-positive degradation 
products of methionine, as well as of methionine 
sulphoxide, sulphone and sulphoximine, have now 
been identified. 

The experimental procedure employed here was 
essentially the same as previously described!*. The 
irradiation intensities were determined with a ferrous/ 
ferric* and with a benzene‘ dosimeter and amounted 
to 2 x 10% eV./ml./min. Volumes of 1-1-5 ml. 
were irradiated under standard conditions in meth- 
acrylate or paraffin Conway vessels closed by alumin- 
ium foil. Doses of 0-2-4 x 10% eV./ml. of X-rays and 
5-7 x 10% eV./ml. of y-rays were used. 

Ammonia was determined quantitatively by Con- 
way’s method. The decrease of methionine was 
determined by photometric evaluation of the chroma- 

5, After chromatographically pure methio- 
nine-**8 had been added to the solution to be irra- 
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X-ray dose (x 10** eV./ml.) 


. Relation of the degree of de-amination and the decrease 
of methionine to the irradiation dose 
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n-butanol-acetic acid—water (4:1 :5)— 


Phenol—ethanol-water (2 : 1 : 1)}—— 


Fig. 2. Autoradiogram of the two-dimensional chromatogram of 
a methionine-*S solution 90 days old. S, start 


diated, the methionine content was determined 
radiometrically. The irradiated solutions were 
chromatographed, the spots of methionine-**S were 
cut out, oxidized by a mixture of cupric nitrate and 
perchloric acid, the sulphate formed was dissolved in 
hydrochloric acid and precipitated as barium sulphate 
and its radioactivity determined. Chromatography, 
electrophoresis and autoradiography were performed 
as previously described!*._ The degradation products 
were identified by chromatographic comparison with 
standard compounds. «-Aminobutyric acid was 
identified by infra-red spectrography. The amount 
of sulphate in the irradiated solutions to which 
tracer quantities of methionine-**S had been added 
was determined by precipitation as barium sulphate 
and radioactivity measurement. 

The relation of the degree of de-amination and the 
decrease of methionine to the irradiation dose are 
given in Fig. 1. It can be seen that the degree of 
de-amination is a linear function of the irradiation 
dose, whereas the decrease of methionine content is 
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+Pyridine-acetic acid—water 


Fig. 3. Autoradiogram of the combined electrophoreto-chromato- 
gram of methionine-**S. pH 5-6. S, start 


an exponential function. The amounts of sulphur 
oxidized to sulphate were 0-21, 2-1 and 8-2 per cent 
for doses of 0:2, 2 and 3:6 x 107° eV./ml. respec- 
tively. The amount of volatile compounds containing 
sulphur-35 (mainly CH,SH) increased during irra- 
diation ; it amounted to 1-4 per cent of the total 
radioactivity at a dose of 2 x 107° eV./ml. and 
2-5 per cent at 3-6 x 10°° eV./ml. 

After the irradiation of a pL-methionine solution 
with a dose of 3-6 x 107° eV./ml. the following 
compounds were identified on a two-dimensional 
chromatogram: «-aminobutyric acid, threonine, 
alanine, aspartic acid, serine (in order of decreasing 
intensity of the spots). The decarboxylated products 
mentioned by Sahasrabudhe e¢ al.* were not studied 
in detail. Their basic character was ascertained by 
paper electrophoresis. Methionine sulphoxide, meth- 
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Fig. 4. Reaction pattern of the radiation decomposition of methionine-**S (ninhydrin-positive compounds) 
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ionine sulphone and homocysteic acid, previously’? 
identified as methionine radiation degradation com- 
pounds, were also detected. 

Similarly, on the two-dimensional chromatogram of 
methionine-*8 (Fig. 2) 6 ninhydrin-positive and radio- 
active substances, 5 ninhydrin-positive only and 
22 radioactive only compounds were found. The 
radioactive only compounds were predominantly 
acidic, as was ascertained by electrophoresis combined 
with chromatography and autoradiography (Fig. 3). 
These compounds are among the products of the 
de-amination process. 

Irradiation of methionine sulphoxide with an iden- 
tical dose under standard conditions gave the same 
compounds on the two-dimensional chromatogram as 
methionine, but they were in a different quantitative 
ratio ; the intensities of the spots due to homocysteic 
acid and aspartic acid especially were greater than 
those from methionine. When methionine sulphone 
was irradiated in the same way only spots of aspartic 
acid, homocysteic acid and serine were found. 

On the basis of the comparison of the chromato- 
graphic picture of the irradiated solutions of methio- 
nine, methionine sulphoxide, methionine sulphone 
and methionine sulphoximine it is possible to sum- 
marize the reactions occurring during the decom- 
position of methionine by radiation (Fig. 4). 
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When solutions of methionine and methionine 
sulphoxide are irradiated with the maximum dose of 
X-rays, all the compounds in Fig. 4 are formed, but 
from methionine sulphone only homocysteic acid, 
aspartic acid, serine and alanine are formed. This 
degradation pattern can be explained by assuming 
that the reaction methionine = methionine sulphox- 
ide is reversible under the experimental conditions, 
but that methionine sulphone undergoes oxidative 
degradation only (Fig. 4). In this connexion it is of 
interest that methionine sulphoximine and methionine 
sulphoxide are degraded in similar ways. Obviously 
one of the first irradiation reactions of methionine 
sulphoximine is the splitting off of the NH-group. 
The further degradation products are not given in 
Fig. 4. 

The investigation of the de-amination and decarb- 
oxylation processes will be the subject of further 
studies. 
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INHIBITION AND EXCITATION DUE TO GAMMA-AMINOBUTYRIC 


ACID IN THE CENTRAL NERVOUS SYSTEM 


By Pror. TAKASHI HAYASHI 
Department of Physiology, School of Medicine, Keio University, Tokyo 


N 1954, Florey reported the presence in the 

mammalian brain and spinal cord of a factor, 
Factor I, which inhibits the generation of impulses 
by stretch receptor neurones of the crayfish’, and 
in 1956 Elliott and Florey* purified the factor and 
identified it as y-aminobutyric acid. In 1956, I 
suggested that ®$-hydroxy-y-aminobutyric acid was 
the chemical transmitter of inhibition in the mam- 
malian brain? *. In 1957, McLennan showed that both 
these substances had an inhibitory action in nervous 
tissue®, 

The presence of y-aminobutyric acid in the brain 
was discovered in 1950 by several workers*.’, but the 
presence of §-hydroxy-y-aminobutyric acid has not 
yet been conclusively demonstrated (my proof was 
indirect*) and most workers believe that y-amino- 
butyric acid is the real inhibitory principle in the 
brain. However, I believe that stress should be laid 
on the importance of B-hydroxy-y-aminobutyric acid 
for the following two reasons. 

(1) It has a stronger inhibitory action than 
-aminobutyric acid on cerebral activity, for example, 
on the generalized seizure following electrical stimula- 
tion of the motor cortex in dogs. Most workers have 
experimented with stretch receptors and the spinal 
reflex and central electrical activity of lower 
anima.s»*.*, not on the activity of higher animals. 

(2) In contrast to y-amino-8-hydroxybutyric acid, 
y-aminobutyric acid had an inhibitory as well as an 
excitatory action in some conditions. 


The present results suggest that y-aminobutyric 
acid isthe precursor of both B-hydroxy-y-aminobutyric 
acid and the substance causing excitation, of which 
the chemical constitution is not yet clear, but it 
appears to be a methylated derivative of y-amino- 
butyric acid. 

When electrical stimulation was applied to the 
motor cortex of the exposed brain of dogs, the 
generalized seizure appeared and continued for 60-180 
sec. If, after the beginning of the seizure, a small dose 
of 8-hydroxy-y-aminobutyric acid or y-aminobutyric 
acid, at an appropriate concentration, was rapidly 
introduced into the carotid artery, the seizure was 
abolished within 5-15 sec. If either substance was 
introduced into the cerebrospinal space, the seizure 
was abolished within 15-25 sec. Presumably these 
substances rapidly cross the blood-brain barrier and 
cerebrospinal fluid-brain barrier. It was confirmed 
that when isotonic saline solution, Ringer’s solution 
or cerebrospinal fluid from other dogs was introduced 
in amounts up to 10-15 ml. no motor effect occurred. 

When metrazole and sodium glutamate were intro- 
duced into the ventricle of dogs, they produced 
generalized seizure (Table 1). The latent periods did 
not exceed 15-20 sec. In contrast, tsonicotinic acid 
hydrazide and toxopyrimidine® had a latent period 
30-200 times longer. To our surprise, vitamin 
B, and folic acid both produced the seizure 
and belonged to the group with the longer latent 
period. 
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Table 1. LATENT PERIODS TO PRODUCE SEIZURE VIA CBREBROSPINAL 
FLUID IN Dogs. 1 ML. SOLUTION WAS USED IN EACH CASE 
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SEIZURE DUE TO y-AMINOBUTYRIO ACID AND VITAMIN B,. 
1 ML. OF EACH SOLUTION WAS USED 











| | 
Substance Concentration | Seizure | Latent period 
(per cent) (sec.) 
Metrazole 1-0 + 10-20 
Sodium glutamate 10-0 + 15-20 
ge an cae 
hydrazid: 20-0 + 2,000-2,400 
Tocopyrimidine 10-0 + 600-1, "200 
Vitamin B, 8-0 + 420-1, 7300 
Folic acid 0-2 + ‘600-1, "200 

















The most obvious interpretation of these results is 
that the convulsants with shorter latent periods act 
directly, by virtue of their chemical structure, and 
that the convulsants with the longer latent. periods 
act indirectly. For example, they could undergo 
metabolic transformation during this longer period. 
Alternatively, it is possible that these compounds 
accelerate the production of the immediate excitatory 
mediator, or inhibit the production of compounds 
antagonistic to the natural mediator. In any event, 
the convulsants of the second group do not appear 
to be active per se. From these considerations, 
toxopyrimidine and isonicotinic acid hydrazide are 
both antagonists of vitamin B,, the coenzyme of 
glutamic decarboxylase. There have been many 
reports of the occurrence of seizure in animals suffering 
from vitamin B, deficiency. This can be interpreted 
as the result of $-hydroxy-y-aminobutyric acid 
deficiency, the real inhibitory substance. This has 
led us to make a trial to establish a new experimental 
method as follows. 

The method was to introduce y-aminobutyric acid 
into the cerebrospinal fluid of dogs together with sub- 
stances to change it into some unknown factor which 
would produce the generalized seizure’*. In the experi- 
ment in Table 2, vitamin B,, was used instead of folic 
acid ; this had no effect by itself, but when combined 
with y-aminobutyric acid and adenosine triphosphate, 
caused a seizure. 

The preparation of adenosine triphosphate used 
was the sodium salt. The convulsant effect of sodium 
itself was considered. Sodium pyrophosphate is a 
strong convulsant when applied directly to the motor 
cortex of higher animals, or into cerebrospinal fluid, 
and its action has often been confused with that of 
adenosine triphosphate and that of pyrophosphate. 
Table 2 shows that the action of adenosine triphos- 
phate must be due to its capacity to provide energy. 

As shown in Table 3, y-aminobutyric acid with 
Vitamin B, at an appropriate concentration produced 
seizures with latent periods of 10 min. That the 
action of vitamin B, in this case is related to the energy 
liberation is shown by Table 4, where pyruvic, citric 














Table 2. SEIZURE DUE TO y-AMINOBUTYRIC ACID AND VITAMIN Bi». 
1 ML. OF EACH SOLUTION WAS USED 
Concentration 
administered 

Substances into cerebro- | Generalized | Remarks 
spinal fluid seizure 
(per cent) 
y-Aminobutyric acid 0-02 - 
Vitamin By 0-0002 - 
y-Aminobutyric acid+ | 0-2 + } Z. 
vitamin By 0 -0002 
?- Aminobutyric acid+ 002+ Latent 
vitamin By+ 0-0002 + re period, 
adenosine triphos- 0-002 12 min. 
Phate 
Adenosine triphosphate | 0-002 ~ 
Adenosine triphos- 0-002 + } as 
hate +vitamin B,, 0-0002 















































Concentration 
introduced 
Substance into cerebro- | Generalized | Remarks 
spinal fluid seizure 
(per cent) 
y-Aminobutyric acid 0-02 ~ 
Vitamin B, 0-002 - 
y-Aminobutyric acid+ 0-02 + } ie Latent 
Fitamin n B, 0-002 period, 
10 min 
Vitamin B, 0°8 + Latent 
period, 
12 min 
Table 4. SEIZURE DUE TO VITAMIN B, WITH THE SUBSTRATES. 
1 ML. OF EACH SOLUTION WAS USED 
Concentration 
introduced 
Substance into cerebro- Seizure Remarks 
spinal fluid 
per cent) 
Pyruvic acid 0-02 - | 
Pyruvic acid + 0-02+ } + Latent period, 
vitamin B, 0-002 10-12 min. 
Citric acid 0-02 - 
Citric acid + 002+ ae Latent period, 
vitamin B, 0-002 11-12 min. 
Succinic acid 0-02 _ 
Succinic acid + 0-02+ ae Latent period, 
vitamin B, 0-002 12 min. 




















and succinic acids with vitamin B, at a subcritical 
concentration produced a seizure. The most probable 
interpretation of these effects of vitamin B, would be 
the energy liberation promoted to synthesize the 
excitatory mediator; in other words, the action of 
B, is indirect. 

In the biochemical methods hitherto used to detect 
the enzymatic action of tissues in vitro, homogenates 
or slices of tissue are incubated with the substrate 
and the consumption of oxygen, output of carbon 
dioxide or the appearance of the expected substances 
is measured. My new neurochemical method takes a 
seizure as an indicator. This is produced by sub- 
stances added to the cerebrospinal fluid as sub- 
strates, coenzymes or energy liberators. Quantitative 
measurements can also be made by this method. 
Using it we obtained the following results. 

(1) y-aminobutyric acid is converted in some 
conditions to the excitatory mediator by cerebral 
tissue. (2) The excitatory mediator of higher animals 
is produced from y-aminobutyric acid as substrate, 
through methylation by coenzyme, vitamin B,, or 
folic acid. (3) The process of conversion of y-amino- 
butyrie acid into the excitatory mediator requires 
energy which is supplied by a reaction involving 
thiamine. (4) y-Aminobutyric acid is the parent 
substance to both the inhibitory mediator B-hydroxy- 
y-aminobutyric acid) and the excitatory principle, 
which is presumed to be some methylated derivative 
of y-aminobutyric acid. 

1 Florey, E., J. Physiol., 129, 384 (1954). 
* Elliott, K. A. C., and Florey, E., J. Neurochem., 1, 181 (1956). 


' Hee oa) and "Suhara, R., Comm. 20th Internat. Physiol. Cong., 


ery; 268}. and Nagai, K., Comm, 20th Internat. Physiol. Cong., 

* McLennan, H., J. Physiol., 189, 79 (1957). 

* Roberts, E., and Frankel, 8., J. Biol. Chem., 187, 55 (1950). 

? Udenfriend, 8., J. Biol. Chem., 187, 65 (1950). 

* Hayashi, T., “Chemical Physiology of Excitation B Muscle and 
Nerve”, 2nd edit. (Nakayama Shoten, Tokyo, 1958). 

ears , K., Kinoshita, T., Sasaki, T., and Shioi, T., Nature, 173, 34 

1° Arnstein, H. R. V., Biochemical Society Symposia, No. 13 (Cam- 

bridge’ Univ. ici, 1955). =f is : 
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LETTERS TO THE EDITORS 


The Editors do not hold themselves responsible 
for opinions expressed by their correspondents. 
No notice is taken of anonymous communications. 


Origin of Tektites 


In @ recent communication’, Dr. Kohman suggests 
that tektites are meteorites which originate in inter- 
stellar space and collide with the solar system. 
I should like to direct attention again to the various 
facts that must be explained by any acceptable 
postulated history of these objects. (1) Tektites have 
chemical compositions remarkably similar to those 
of the more acid sedimentary rocks. This is true for 
the major and minor constituents. (I have been 
privileged to see analyses as yet unpublished on 
these minor constituents.) Such a chemical com- 
position is not produced by any other naturally 
occurring chemical processes that we know of, 
except perhaps in very rare and special circumstances. 
(2) Tektites obviously have been melted, and this 
means that a temperature of some 1,500° C. or more 
was supplied by some means. In fact some appear to 
have been reheated to the melting point by passage 
through gas or by a blast of gas over the object. No 
terrestrial source of heat is known which could pro- 
duce such high temperatures. (3) They are distributed 
thinly over areas of hundreds and thousands of kilo- 
metres in linear dimensions. (4) They are reported 
to contain aluminium-26 and beryllium-10. This 
observation is due to Dr. Kohman and Dr. Ehmann. 

Dr. Kohman ignores items (1) and (2) above and 
gives us not the slightest indication as to how these 
objects could have accumulated, acquired their 
chemical composition and become melted in inter- 
stellar space. Apparently the problems that have 
concerned geochemists when a terrestrial origin is 
assumed become completely inconsequential when 
they are referred to the great cold vacuum far from 
the Sun. However, if items (1), (2) and (3) above could 
have been explained by non-miraculous means, 
neither Dr. Kohman, I, nor most of the readers of 
Nature would ever have heard of tektites. 

Again I wish to direct attention to a suggestion 
I made last year*, namely, that comet heads occasion- 
ally collide with the Earth, that such collisions would 
result in a flame-like mass of gas at a very high 
temperature capable of volatilizing the comet head 
and melting surface rocks of the Earth, and that 
high pressures capable of scattering bits of melted 
terrestrial materials over large areas would be 
developed. This was advanced in order to explain 
items (1), (2) and (3) above. The data of item (4) 
were not available at the time. It should be noted 
that Kohman and Ehmann’s data required the lowest 
level counting technique that has been attempted 
and hence might well be checked by others, and that 
the terrestrial rocks used for comparison came from 
the glaciated area of Canada and an obsidian cliff 
in California, and hence they could scarcely have 
accumulated aluminium-26 and beryllium-10 from 
cosmic sources. Also, it may be that these elements 
could have been supplied from constituents of the 
comet! head, though I am not particularly fond of 
this suggestion. 

But comet heads should collide with the Earth 
from time to time. What effects should they produce ? 
Would not something resembling the Alamagardo 
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glass of the atomic bomb explosion be produced 
possibly or even probably ? The energy of collision 
of a comet head with the Earth can reasonably be 
estimated as equivalent to some million or more 
atom bombs. 
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Harotp C. Urry* 
University of California, 
La Jolla, 
California. 
* Present address: Clarendon Laboratory, Parks Road, Oxford. 
* Kohman, T. P., Nature, 182, 252 (1958). 
* Urey, H. C., Nature, 179, 556 (1957). 


Number of Elastic Constants required in 
Crystal Elasticity 


In recent years there have been several publications 
by Laval’, LeCorre* and other authors*-* suggesting 
a more general approach to crystal elasticity, which, 
among other features, requires for a triclinic crystal 
45 independent elastic constants instead of the 
classical 21 (with corresponding increases in each of 
the crystal classes). The stress tensor is not sym- 
metrical, and body couples (or volume couples) act 
in the crystal. 

We show in this communication that in those cases 
in which the Laval—LeCorre theory is applicable the 
number of independent elastic constants actually is 
39 and not 45. This reduction is brought about by 
means of energy considerations and the following 
hypothesis. 

Given a crystal subject to mechanical strains only, 
a necessary condition for the appearance of body 
couples in a certain element of volume is that a 
deformation should be present. (It is not stated that 
this condition is sufficient.) 

In the strain—-energy function 


9 
W = $2rejeje; (1) 
i,j=1 
the following substitutions are introduced : 


&4 
&7 
&5 
Es 


o 
to 
Le 


Ese 

&31 

£13 
&6 Eis 
Eg Ea Ps 

The meaning of the new variables is the follow- 


2oa is the pure shear deformation 23 + oug 
Ox Oxy 


(2) 


|e ||| 


||| | 
22eee 


ing : 


4 


and 6, is the pure rotation cor ~ oo) around an 
xp Oxy 


axis parallel to X_ in every element of volume. If 
these new variables are introduced into equation (1), 
the energy density W becomes a function of the 
Eas Ma and Oq (« = 1, 2, 3), and it can be separated 
into three parts : 

W = Wa + War + Wr (3) 

Wa has terms that contain pure deformations only 
(eq and ga); W, has terms that contain pure rotations 
only (8); the terms of War contain both deforma- 
tions and rotations. 

The strains ¢; (¢ = 1, 2, ... 9) and all the other 
elastic variables are functions of position and time ; 
but consider a point in which at a given instant the 
strains are such that no pure deformation is present, 
that is, €,, €2, &35 Pi, Pe and g; all vanish. When 
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this happens, the strain tensor is antisymmetric, and 
the element of volume has performed the rotation 


6 (9;, 02, 05). 


50 (36,, 86., 86,), then the change 8W in the energy 
density is equal to 8W; (the other two increments, 
sWa and 8Wa;, are in this case equal to zero). But 
according to the hypothesis stated above, there are 
no body-couples acting on this element of volume, 
the stress tensor is symmetric, and the moment per 
unit volume due to the couples exerted by the stresses 
is zero. It follows that the value of 5W; must be 
zero too. This requires that the coefficients of the 
six terms of W; should vanish. This condition leads 
to the six following relations (details will be given 
elsewhere) : 
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If this rotation is now increased by 


2C 47 
2C 58 
Ce 
Cas + Cre 
C5g + Cao 
+ Cr 


C4aa 

C55 

Cee Cog (4) 
Cas C57 

C59 Ces 

Cas Cer 


Ii wt wt te 


Cae 


which, in the four-index notation, can be summarized 
in this general condition : 


Capyds + Cpady = Capdy + Chayd (5) 
The analogue of (5) in the Voigt theory is : 
Capys = Chaby = Capdy = Cfayd (6) 


which follows from the vanishing of the coefficients 
of both War and W, in (3). 

The physical meaning of keeping the second term 
War in (3) is the following: the local rotations 0 
may contribute to the strain—energy function if a 
deformation is also present. It would, of course, be 
unjustified to call this contribution War an elastic 
energy in the case of a rigid rotation, but it is part 
of the elastic energy in dynamic cases such as the 
propagation of elastic waves in crystals. In other 
words, rotations of undeformed elements of volume 
keep the strain energy invariant. 

The new conditions (4) reduce by six the number 
of independent elastic constants: from 45 to 39. 
It is interesting to notice that, except in the triclinic 
and monoclinic classes, the last three of those six 
conditions are already satisfied by the elastic con- 
stants of Laval and LeCorre. 

We have applied the conditions (4) to the elastic 
constants tabulated by LeCorre? in his paper of 1953, 
and have obtained thus the new matrices for each 
of the 11 Laue groups and for isotropic solids. These 
matrices will be published elsewhere. Table 1 sum- 
marizes the number of independent elastic constants 
for each of those 12 cases. The headings V, LL and 
JW correspond to the matrices of Voigt, Laval— 
LeCorre and ours, respectively. 


Table 1 





Laue group V 
I 21 
2/m 13 
mmm 9 





3 
3m 
4/m 
4/mmm 
6/m 
6/mmm 
m3 
m3m 

Isotropic 
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It can be seen that there is no distinction now 
between the elastic constants of Voigt and the new 
ones for the last two cases: the Laue group m3m 
and isotropic solids. 

As an example, ammonium dihydrogen phosphate 
(class 42m ; Laue group 4/mmm) may be mentioned. 
Its elastic constants, of which new measurements 
will soon be reported elsewhere, do not fit into the 
Voigt matrix, but can be satisfactorily interpreted 
both with the matrix of Laval and LeCorre and the 
one suggested by us. It is interesting to note, how- 
ever, that, while not all the nine elastic constants 
of Laval and LeCorre can be determined dynamically 
because the experiments only give the 7 values of 
Cia» Cgax Cass C55, Cogs Ci2 + Cog AMA Cyy + Cay, OUF 
conditions (4) reduce in this case to: 

Ceg = } (7) 


as a result of which the number of independent 
elastic constants is reduced from 9 to 7, and all of 
them can be determined by dynamic methods. 

One of us (N. J.) gratefully acknowledges a research 
scholarship from the British Council while on leave 
of absence from the University of Chile. 


N. Jorn 
W. A. WoostEerR 


2Cgn = Cas + Cos 


Ces 


Crystallographic Laboratory, 
Cavendish Laboratory, 
Cambridge. 

Aug. 20. 


1 Laval, J., “L’état solide”, peagee et Discussions, Congrés Solvay 
1961, — Bruxelles) ; ; 


J. Physique Rad., 18, 247, 239, 369 


? LeCorre Bull. Soc. Franc. Minér. Crist., 76, 464 (1953) ; 77, 1363 

and 363° (1954); 78, 33 ( (1955). J. Physique Rad., 19, B4l gs 

’ Viswanathan, K. 8., Proc. Ind. Acad. Sci., A, 39, 196 (1954); 41, 
98 (1955). 

‘Raman, C. V., and Viswanathan, K. S., Proc. Ind. Acad. Sci., A, 
42,1, 51 (1955). 

5 Joel, N., and Wooster, W. A., Nature, 180, 430 (1957). 


Effects of Pressure on some Optical and 
Electrical Properties of Diamonds 


Ir has frequently been remarked? that although 
diamond crystals which are very efficient as con- 
duction counters of ionizing radiations are usually 
free from birefringence, there is no strong correlation 
between counting efficiency and the degree of bire- 
fringence of counting crystals of average perform- 
ance. Conversely, it may be inferred that the per- 
formance of diamonds as crystal counters will be 
almost independent of pressure at pressures which 
produce considerable artificial birefringence, and the 
following experiments have confirmed this sup- 
position. 

Satisfactory counting crystals were placed between 
two hardened steel electrodes which could be screwed 
together to apply pressures up to 104 atm. The pulse- 
counting technique could not be used directly as it 
proved impossible to separate the effect due to 
change in electrode capacity. However, the total 
B-ray bombardment current was observed and no 
significant change could be detected. 

An alternative method of examining the effect of 
pressure on the width of the energy gap between 
the top of the valence band and the bottom of the 
conduction band is from measurement of the ultra- 
violet absorption cut-off wave-length. Using a 
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spectrometer capable of resolving 1 A., no change in 
the cut-off wave-length was observed nor was there 
any alteration in the position of characteristic 
absorption bands at 2359 A. and 2363 A. As present 
theory indicates a change of only 10-* eV. atm.-! in 
the width of the energy gap, these negative experi- 
mental results are consistent with theory. 


F. C. CHAMPION 
J. R. Prior 


King’s College, 
University of London, 
Strand, 
London, W.C.2. 
Sept. 16. 


1 Champion, F. C., Sci. Prog., 179, 447 (1957). 


Measurements of the Permeability Tensor 
for ‘Ferroxcube’ at 24,000 Mc./s. 


Ir is well known that ferrimagnetic materials 
become anisotropic upon application of a magnetic 
field and that consequently the permeability of a 
magnetically saturated ferrite medium is described 
by a tensor! ; 

wu yk oO 

lel = je w O 

0.0.3 
For a positive and negative circularly polarized wave, 
the tensor is diagonalized, and the effective per- 
meability is a scalar, u +k. The real and the imag- 
inary parts of the elements of the tensor have been 
measured by several workers**, using resonance 
cavities excited with circularly polarized modes. In 
order to study ferrite itself, it was pointed out by 
Spencer et al.* that it is necessary to determine the 
intrinsic magnetic quantities » and k. Because of 
the radiofrequency demagnetizing fields the values 


yp and k derived from the measurements depend on 
the sample shape. Those intrinsic values are com- 
puted from the experimental values using a magneto- 
static approximation for the internal field. 

Practically all measurements published hitherto 
have been carried out at 3,000 Mc./s. or 10,000 Mc./s. ; 
most of them on American commercial products. 
We have measured the tensor components for the 
European commercial product ‘Ferroxcube IV B’ at 
24,000 Mc./s. It is interesting to consider the position 
of u at our working frequency on the dispersion and 
the absorption curves for the initial permeability. 
These dispersion and absorption curves can be inter- 
preted‘ as a natural ferromagnetic resonance in the 
internal anisotropy field. 24,000 Mc./s. is situated 
beyond the anomaly of the dispersion curve. As a 
vonsequence, the residual magnetic losses are much 
smaller. 


TEno 
cavity 





rotatable probe 
crystal mount 














Diagram of the circular polarizing device 


attenuator 
Fig. 1. 
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In our measurements we have used a Z7'E,;,-re- 
flexion cavity with ferrite spheres or disks placed in 
position of maximum radio-frequency magnetic 
ield and zero radio-frequency electric field. In 
order to excite the cavity, microwave radiation is 
fed through a circular polarizing apparatus con- 
structed at our laboratory and shown schematically 
in Fig. 1. The sense of the circular polarization is 
reversed either by changing the orientation of the 
4/4-plate or by reversing the d.-c. magnetic field. 
Care has been taken to avoid ellipticity in the circular 
guide and also on the adjustment of the quarter-wave 
plate. 

The empty cavity resonates at 23,995 Mc./s. with 
a loaded Q-value of 3,985. Using the Bethe-Schwinger 
cavity perturbation theory, it is easily shown that 
the frequency shift, and the change in loaded Q, are 


directly proportional respectively to the real (u’ + k’) 


and the imaginary part (u” + k”) of the effective 
permeability. For a sphere the intrinsic values are 
related to the experimental values by the equation : 


ptk=—-[(2(tkh+Ufertk —- 4) 


The results of a typical run on a polycrystalline 
sphere with diameter 0-95 mm., using the apparatus 
described, are shown in Fig. 2. The values p’ + k’ 
and u” + k” are plotted against the steady magnetic 
field. From other measurements on spheres and 
disks and with the aid of Kittel’s relations for ferro- 
magnetic resonance’, we were able to calculate an 
effective value of g. We found a mean value of 2-11. 

Further details will be published later. 


G. G. RoBBRECHT 
J. L. VERHAEGHE 


Natuurkundig Laboratorium, 
Rijksuniversiteit, 
Ghent, Belgium. 

July 31. 


* Polder, D., Phil. Mag., 40, 99 (1949). 
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* Spencer, E. G., Ault, L. A., and LeCraw, R. C., Proc. Inst. Radio Eng., 
44, 1311 (1956). 

‘Smit, J.,and Wijn, H. P. J., Electron. and Electron Phys., 6, 69 (1954). 

* Kittel, C., Phys. Rev., 78, 155 (1948). 
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Anomalous Attenuation in Linear Electron 
Accelerators 


WHILE operating the linear electron accelerator 
at the University of Ghent, interesting phenomena, 
similar to those reported on some accelerators in 
England!-‘, were observed. These phenomena have 
been explained on the basis of the multipactor effect*. 

Miller and Saxon* measured in a linear accelerator 
an attenuation of 2-5 db. for all power-levels, in the 
absence of the magnetic focusing field. In the 
presence of such fields, the attenuation was still 
found to be of the order of 2-5 db. for power fluxes 
of a few milliwatts and several megawatts. There 
was, however, a variation of attenuation with power 
in an intermediate range. They noted a maximum 
of 12 db. for an input power of 250 kW. If the power- 
level is increased, the attenuation falls, approaching 
2-5 db. for an input of 3 MW. We consider that no 
satisfactory explanation has yet been given of the 
dependence of attenuation on power-level. 

Considering a condenser-type field Hsin(wt + 9) and 
using the same notation as Mullett, Clay and Hadden’, 
the conditions for stable multipactoring are : 
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ea 7 (an +1) xcoso + 2sin9| 
m ww? 


and 
0 < igo < 2/m (2n + 1) 


where ” is an integer. This leads to the fact that for 
each n the multipactor effect can occur in a stable 
way only between two limiting values, H’, and £,, of E. 
These intervals (H,, H,) are rather narrow. With 
increasing n, they become smaller and smaller, the 
fields needed decrease and the energy ¢ with which 
the electrons can arrive at the opposite plate decreases 
also. The electric field Z, parallel with the axis of 
the accelerator, is fora <r <b (b, radius of corruga- 
tions ; a, radius of iris-hole) given by an expression 
containing Bessel functions. It turns out that this 
function can (at least for those parameters used for 
accelerators) be approximated rather well by a 
decreasing linear function of r: 


E = £(b — 1) (8 > 9) 


For a given value of n, the multipactor effect can 
occur only within a ring the radii of which, 7, and rs, 
are defined by #, and E,. These rings are very narrow, 
especially for n # 0. 

The area S of a ring is given by: 


C/E, 5)! for (b —a)B <E, 
rm “| (G-°) — a] elon? he 


=[ Gt-*) - G-*)] mz, <p (b-a) 


8 is maximum for 8 = (Z, + E,)/b. It is obvious 
that (for any particular value of n) § is directly 
proportional to the loss of energy. The fact that the 
anomalous attenuation is measured only in the 
presence of the focusing field can be explained satis- 
factorily. In the corrugations, there is not only an 
lectric field Z,, but also a component Ho, causing 
4 radial force on the electrons which pushes them 
away from the regions where stable multipactoring 
8 possible. The axial magnetic focusing field tends 
to prevent electrons from moving out of these regions. 
Ifthe power flux through the accelerator is increased, 
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Fig. 1 


the values of #, and #, are unchanged. The interval 
of r (r;, 72) where the effect can occur moves, however, 
toward the outside and falls off (Fig. 1). 

For very low power-input, only high-n rings could 
occur. However, the effect will not be observed, 
because ¢ is so low that 7 < 1 (n, secondary emission 
coefficient). For very high power input, the lowest 
values of n could be reached, but then also the effect 
will not be produced, ¢ being so high that y < 1. 
Because of the larger area involved and the larger 
value of <, the greater part of the loss of energy must 
be due to the inner ring that is possible in any 
particular case. In the experiment by Miller and 
Saxon, there was an attenuation of 10 db. for an 
input power of 250 kW. Taking into account only 
the ring corresponding to the lowest value of n, and 
supposing that there is only one cavity, one finds this 
attenuation for @ = (H, + H#,)/b for which S = 
nb*(H, + H,)/(H; + H,). This leads to an attenua- 
tion of 0-157 db. for an input power of 3 MW. Con- 
sidering an accelerator with no other losses than 
those due to multipactoring, one comes somewhat 
nearer to reality. Then 8 is a function of z (co- 
ordinate along the axis). If the machine has a 
purely periodic structure, one can write : 


dP ~fd8 = — C’Sdz (C’ = constant) 
Using the third expression for S, this leads to 





_ 1 /e40)—p* | Bi+H, :' 
2 = sole + a MO) —89 + 


(#,+£,)* ba 
Bit Bs (9(0)—9} + 


(Z,+4,)* ,, 8(0) — (#:+2,)/2b 
8° 8 — (LZ, + #,)/26 





(C = constant) 


Maximum attenuation will occur approximately for 
B(l) = 3 (#, + E#,)/4b (1, length of the accelerator) 
and in the considered case one finds 0-22 db. for an 
input power of 3 mW. This agrees well with the 
experiment. 

We want to point out that even if the absolute 
losses of power were constant for different power- 
levels, we would find a low attenuation (0-34 db.) for 
3 MW. if one assumed 10 db. for 250 kW. input. 

Finally, it is interesting that the increase of the 
input power will also increase the radial forces which 
try to push the electrons away from the stable region, 
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while H remains constant in the ring considered. 
This will decrease the losses due to the multipactor 
effect even more. 

We wish to thank the Inter-University Institute for 
Nuclear Sciences (Belgium), which sponsored this 
work. 


V. J. VANHUYSE 
Natuurkundig Laboratorium, 
Rijksuniversiteit, 
Ghent, Belgium. 
1 Shersby-Harvie, R. B. R., and Mullett, L. B., Proc. Phys. Soc., B’ 


62, 270 (1 949). 
* Miller, C. W., and Saxon, G., Nature, 172, 1163 (1953). 


* Mullett, L. B., Clay, R. E., and Hadden, R. J. B., A.E.R.E. GR/R 
1076 (1953). 
* Hadden, R. J. B., A.E.R.E. G/R 1161 (1953). 


A New Method of measuring Susceptibility 


In recent years simple detectors of weak magnetic 
fields have become available. Magnetometers using 
the Hall effect in indium antimonide' or ferrite 
saturation* are capable of measuring fields of a small 
fraction of an cersted, and they may be used in a 
magnetic circuit as detectors of magnetic flux, being 
analogous to a galvanometer detecting current in an 
electric circuit. 

Using this principle, we have built the magnetic 
analogue of a Wheatstone bridge, with a permanent 
magnet as the source of magnetomotive force (Fig. 1). 
The magnetic detector (D) will register no flux when 
the reluctances of the four air gaps in the soft iron 
bridge circuit are equal, since the magnetic potentials 
at A and B will then be the same. If the reluctance 
of one gap is changed by inserting a sample with a 
permeability different from that of air, the bridge 
will become unbalanced and the detector will indicate 
the magnetic flux passing through it. The bridge 
may be initially balanced by moving a ferromagnetic 
screw in one of the gaps. 

With gaps of 5-mm. length and 0-5-cm.* cross- 
sectional area, and an M2021 Mullard ‘Ticonal’ 
magnet, a field of 1,500 cersted is obtained in each 
gap. An InSb magnetometer unit, used in con- 
junction with a transistor oscillator and amplifier, 
can detect a field of 10-* crsted (Hilsum, C., and 
Thompson, N. A. C., unpublished work). Ideally, 
therefore, it should be possible to detect a departure 
from unit permeability by about one part in 10’, 
that is, a susceptibility of 10-* 0.G.s. units. 

The performance of an actual instrument is illus- 
trated in Fig. 2. Measurements were made on 
aqueous solutions of nickel chloride the susceptibilities 
of which were calculated from the formula given by 
Nettleton and Sugden*. The calibration is essentially 
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Fig. 1. The magnetic ‘Wheatstone bridge’ 
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Fig. 2. Calibration curve of susceptibility meter 


linear, and the instrument is quite capable of measur- 
ing diamagnetic susceptibilities such as that of de- 
ionized water. Our apparatus consists of two small 
boxes, about 8-in. cube, one of mumetal containing 
the bridge, and the other for the display meter and 
the electronics, which operate from a small internal 
dry battery. 

The instrument has the advantages over the usual 
susceptibility balance of being portable, unaffected 
by vibration and needing no external power supplies. 
It is, however, sensitive to variations in the local 
magnetic field, and measurements cannot be made 
while ferromagnetic objects are being moved near it. 
We have found the instrument to be very convenient 
for use both in the laboratory and in the open. A 
more detailed account will be given elsewhere. 

We are grateful to the Admiralty for permission 
to publish this communication. 

C. Hitsum 
A. C. Rosr-INNEs 
Services Electronics Research Laboratory, 


Baldock, Herts. Sept. 15. 
Ron hy el E. W., and Thompson, N. A.C.,J. Sci. Instr., 34, 


* Montague, B. W., Mullard Tech. Comm. 2, 64 (1955). 
® Nettleton, H. R., and Sugden, S8., Proc. Roy. Soc., A, 178, 321 (1939)- 


Helium in Natural Gas in the Witwatersrand 


Durine a visit to the Union of South Africa in 
the spring of 1957 I observed escapes of natural gas 
associated with faults and fissures in the underground 
workings of some of the gold—uranium mines of the 
Witwatersrand. 

It seemed likely that as these major structures cut 
the uranium-bearing conglomerate horizons, the gas 
might contain appreciable quantities of helium. 
Arrangements were therefore made with Dr. J. J. 
Marais of the Anglo-Transvaal Consolidated Invest- 
ment Co., Ltd., for a sample of gas to be collected 
from the Virginia Mine. This material has been 
analysed chemically and by mass-spectrometry. The 
results are shown in Table 1. 

The high content of helium is of particular interest 
as the study of its distribution is likely to throw new 
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Table 1 
Chemical analysis Mass-spectrometric 
analysis 
| Methane 78:4 766 
| Nitrogen 12-1 13-9 
| (by difference) 
Helium 8: 8-3 
| Hydrogen 0-1 0-1 
| Oxygen 0-1 0-2 
Argon 0:3 0°5 
Carbon dioxide 0:8 0-4 
Carbon monoxide 0-2 —_ 














light on the origin of the mineralization of the 
Witwatersrand System. 

It is not known what volume of gas is available, 
but it would seem from present information that this 
field merits further study as a possible commercial 
source of helium. 

I wish to thank the Director of the Geological 
Survey of Great Britain for permission to publish 
this communication, the Government Laboratory, 
London, for carrying out the chemical analysis, and 
the Mass-Spectrometer Group, Atomic Energy 
Research Establishment, Harwell, for carrying out 
the mass-spectrometric analysis. 

8. H. U. Bowre 
Atomic Energy Division, 
Geological Survey of Great Britain, 
Young Street, London, W.8. Sept. 26. 


Observations on Overvolted Uniform 
Field Spark Gaps 


THe pre-breakdown processes occurring in a 

uniform field gap before a visible discharge takes 
place have been described by Townsend as the 
cumulative growth of ionization by successive 
generations of avalanches. The collision processes are 
mainly of the type defined by the ionization coefficient 
a. The criterion usually accepted as setting minimum 
breakdown voltage for a gap d is that yexp(ad) = 1 
where « and y are the coefficients for the production 
of secondary electrons. If a spark gap has a voltage 
applied to it which is in excess of this minimum 
value then the avalanche. growth mechanism will be 
similar, but the amount of space charge in one 
avalanche will be greater as it crosses the gap. If 
the voltage is sufficiently high, one avalanche can 
produce such a density of positive charge in its head 
that a ‘streamer’ or luminous filamentary channel 
will bridge the gap from the avalanche head. Depend- 
ing on the voltage, this point from which the streamer 
growth starts can occur at almost any position across 
the gap. Meek! and Raether* gave the empirical 
relation aap = 20 for the critical avalanche-length 
Ler. 
_ Such a mechanism of growth has been observed 
in recent work with overvolted gaps using pulses of 
0-1 usec. duration applied to 2-cm. gaps in air at a 
p.d. of 800 mm.cm. Fig. la shows a typical cloud- 
chamber photograph of the charge distribution as the 
result of one avalanche attaining critical multipli- 
cation and forming anode- and cathode-directed 
Streamers. This photograph clearly shows the 
avalanche head as a small cloud of ionization with 
the two filamentary discharges bridging the gap from 
the head to the anode and cathode respectively. 
If the voltage had been maintained for a sufficiently 
long period the external circuit would have discharged 
through these highly conducting columns. 
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(a) (b) (e) 


Fig. 1 (a), Cloud-chamber photograph of streamer showing aval- 

anche head at A. (b), Photograph of the light from a streamer 

showing constriction at B. (c), Photograph of the light emitted 

from several streamers. One — a sphere in the constriction 
a 


Fig. 1b is a photograph of the light emitted from 
these streamers taken under similar conditions as 
Fig. la but without expansion of the cloud chamber. 
It can be seen that a constriction or ‘neck’ occurs at 
a point corresponding to the head of the avalanche 
in the cloud-chamber photograph. This suggests that 
the streamer has started from the avalanche head 
and widened out as it reaches the anode and the 
cathode. For longer pulses which allow the later 
stages to develop, photographs show that a filamen- 
tary discharge is formed, and its tortuous path is 
always contained within the existing streamer region. 

If the discharge current increases above a certain 
value then emission of light increases within the 
constriction appearing as a small circle with the 
avalanche head as centre, see Fig. lc. To an observer 
these points appear as bright beads of light much more 
intense than the remainder of the discharge. A fuller 
account of this work is to be published elsewhere. 

K. R. ALLEN 
K. PHILLIPS 
Research Department, 
Metropolitan-Vickers Electrical Co., Ltd., 
Trafford Park, Manchester, 17. 
Sept. 4. 
1 Meek, J. M., Phys. Rev., 57, 722 (1940). 
2 Raether, H., Arch. Elektrotech., 34, 49 (1940). 


Diffraction of Light by Ultrasonic Waves— 
Oblique Incidences 


Various expressions have been obtained by several 
workers for the diffraction of light by ultrasonic 
waves! based essentially on the propagation of 
electromagnetic waves through a stratified medium. 
These expressions, being non-convergent, are limited 
in their scope and application’. Aggarwal* has given 
expressions for the intensity of different diffraction 
orders in a closed form which gives definite results 
under various experimental conditions. One such 
condition states that for low sound intensities in the 
medium, instead of the usual single maximum 
attained by the first three orders at their respective 
Bragg reflexion angles, «/2, « and 3a/2, there are one, 
three and five reflexion maxima for the three orders 
respectively. 

In order to verify this significant result we set up 
the usual diffraction apparatus of Debye and Sears and 
of Lucas and Biquard. The ultrasonic intensity was 
kept very low. The intensities of the diffracted orders 
were measured by means of a photomultiplier tube 
and read off on a scale, for successive small tilts of 








1084 


the quartz crystal from the normal incidence of the 
sound beam to light path. These angles of tilt were 
measured accurately by an optical lever system. We 
used ethyl iodide as the liquid medium giving sound 
of wave-length 0-0041 cm. at a frequency of 21-05 Mc. 
For the third-order reflexions, however, n-hexane 
was substituted giving sound waves of 0-0051 cm. at 
the same frequency. 

The results for the first, second and third order of 
the diffraction pattern on one side are given in terms 
of the Bragg angle in Fig. 1. Here «/2 is the reflexion 
maximum for the first order. 

The first order shows a maximum at «/2 only, while 
the maxima at «/2, « and 3a/2 for the second order 
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The forward reaction can be followed by the changes 
in absorption spectrum as oxygen is bubbled through 
the solution of the Fe(DMG),(base), complex and 
the back reaction can be followed by observing similar 
changes bubbling pure nitrogen through a solution 
of the oxygenated complex. The spectrophotometric 
measurements show that the reaction is completely 
reversible for some of the complexes but that some 
autoxidation occurs with others. The changes in 
absorption spectrum with uptake of oxygen are very 
similar to those which occur on the uptake of carbon 
monoxide or cyanide by the complex. Both the 
liberation of oxygen and the liberation of carbon 
monoxide from the complexes have been studied 
manometrically. There would 
appear to be two complexes 
in one of which two molecules 
of oxygen or carbon monoxide 
are bound to the cation and, 
in the other, one molecule is 
bound as in the above equa- 
tion. Comparison of the 
manometric and spectrophoto- 
metric measurements indi- 
cates that the first molecule 
of oxygen or carbon monoxide 
is picked up slowly but the 
second molecule is picked up 
so very slowly that the two 
stages of the reaction can be 
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Fig.1. The abscissa represents the reflexion angle a, and the ordinate (left-hand side for 
the first order and the right-hand side for the second and third orders) represents the in- 
tensity expressed in terms of the current in microamperes 


are unmistakably clear. «/2, «, 3«/2 and 2a are the 
peaks for the third order line, but perhaps due to 
the low sound intensity and greater tilt of the quartz 
crystal the fifth one at 5a/2 does not make its 
appearance markedly. However, these results are 
in good agreement with Aggarwal’s expressions. 

It is of interest that a careful study of the photo- 
graph published by one of us‘ also shows the presence 
of more than one maximum for the second order. 

Full details will be published elsewhere in due course. 

S. PARTHASARATHY 
C. B. Trents 
National Physical Laboratory, 
New Delhi 12. July 22. 
* Bergmann, L., “Der Ultraschall” (1954). 
* Aggarwal, R. R., Proc. Ind. Acad. Sci., A, 31, 417 (1950); Ph.D. 
thesis, University of Delhi (1954). 
* Aggarwal, R. R., Ph.D. thesis, University of Delhi (1954). 
* Parthasarathy, 8., Proc. Ind. Acad. Sci.,3, 594, plate XXXIV (1936). 


Uptake of Molecular Oxygen by Ferrous 
Complexes 


Durinc the course of a deliberate study of models 
for iron porphyrin complexes of biological importance 
we have shown that ferrous dimethylglyoxime, 
Fe(DMG),, is capable of combining reversibly with 
molecular oxygen. The reaction occurs in a mixed 
solvent, 50 per cent aqueous dioxan, in which 
the complex is appreciably soluble in the presence 
of various added bases such as pyridine, ammonia, 
histiline and imidazole. The pH of the solution 
must be in the range 7-11 if the reaction is to be 
observed. We consider the reversible reaction to be 


Fe(DMG),(base), + O, = Fe(DMG),(base) O, + base 


15 20 25 30 35 40 45 50 


followed. 

The rate at which oxygen 
replaces a base molecule in 
the above equation is sens- 
itive to the base, as is the 
rate at which the oxygen 
molecule can be discharged afterwards. Oxygen is 
picked up most rapidly by the histidine complex 
and least rapidly by the pyridine complex. The 
evolution of oxygen is least rapid in the case of the 
pyridine complex. 

Clearly these complexes parallel the behaviour of 
different biological complexes some of which pick 
up oxygen, some of which are autoxidizable and 
some of which are almost inert to oxygen. We hope 
to publish a detailed account of our observations 
together with a correlation between the properties 
of the models and the properties of the biologically 
important compounds shortly. 

J. F. Drake 
R. J. P. Wrii1aMs 
Inorganic Chemistry Laboratory, 
South Parks Road, Oxford. 
Sept. 17. 
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Entropy Production in Irreversible 
Mechanical Processes 


In discussing the concept of entropy, many authors 
relate the ‘production of heat’ or ‘energetic heat 
evolution’ (dQirrey.) accompanying an_ irreversible 
process to the ‘loss of useful work’ and to the 
‘irreversible production of entropy’ (dS) by an 
equation of the form! : 


dQirrev. = d Wirrev. “it d Wrev. Bas: Tda,S (1) 
where dWrey, and dWirrey, are, respectively, the 
amounts of work received by the system during a 


reversible and an irreversible change between the 
same initial and final states of the system; T is the 
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absolute temperature of the system, supposed uniform 
throughout. 

Now in an irreversible mechanical process, such, 
for example, as the impact of a hammer on a nail, or 
a frictional process, we observe a rise in temperature 
in the immediate neighbourhood of the process. 
Equation (1) cannot be applied until the temperature 
has been equalized—presuming always that the heat 
capacity of the surroundings is so large that no 
change in their temperature is observed. A question 
which then arises (particularly in the minds of 
students being introduced to these ideas) is whether 
it is possible to describe the system thermodynamically 
in the interval before the re-establishment of thermal 
equilibrium. The following outlines a way in which 
this may be done. 

Consider, as an example, the impact of a body 
having a kinetic energy H, with a fixed anvil to which 
it becomes fused on impact. Suppose that the total 
heat capacity of body plus anvil (which together 
form ‘the system’) is C, and that after impact they 
are thermally isolated from the surroundings. If 
body, anvil and surroundings were at a temperature 
T', before impact, the system will have a temperature 
7’, after impact, where 


T, —T, = EC (2) 


An amount of mechanical energy E has disappeared, 
but now that the system is at a higher temperature 
than the surroundings it can act as a source of thermal 
energy to operate a reversible heat engine operating 
between 7’, and 7. Action of the engine will lower 
the temperature of the system until it reaches 7’, 
again ; this reversible reduction in 7', to 7’, is accom- 
panied by the performance of mechanical work by 
the heat engine. 

Thus at the conclusion of the impact process, 
although mechanical energy H has disappeared, it 
is not all irrevocably ‘lost’ since some can be recovered 
by the use of a heat engine. It is readily shown 
that if in each cycle the heat engine removes an 
infinitesimal amount of heat from the system, then 
in lowering the temperature of the system from T, 
to T, (in an infinite number of cycles) an amount 
of work (W) can be recovered, given by: 

eS T', T, 

E : T,—T, - T. (3) 
The fractional dissipation of energy in the impact 
considered is thus equal to the second term on the 
right-hand side of (3). Formally, two limiting cases 
may be envisaged. First, if H/C — 0, T,— o and 
W--E. Thus if ‘the system’ were infinitesimally 
small (C+ 0), all the kinetic energy could be re- 
gained as mechanical work from the heat engine. 
Alternatively, if C— oo, E/C—-+0, T,—T>, and 
W-— 0, the whole of the energy is dissipated. 
_ This formal analysis is, however, subject to the 
limitation of all thermodynamic arguments, namely, 
that it must be restricted to assemblies of molecules 
large enough for statistical averages to have a physical 
Meaning. Thus the primary process in an impact is 
the sharing of kinetic energy between the surface 
atoms of the two bodies over the area of impact. 
The motion imparted to them is an ordered motion, 
80 that for the first 10-™ to 10-** sec. after impact 
the ‘temperature’ of the surface atoms cannot be 
defined. This becomes possible only after sufficient 
vibrations have occurred to share this energy 
randomly among a sufficient number of molecules. 
What the present argument shows is that even when 
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this randomization has occurred, only part of the 
mechanical energy has been rendered ‘useless’, the 
rest being recoverable, in principle, if temperature 
equalization with the surroundings is achieved through 
the medium of a reversible heat engine. If the initial 
rise in temperature is associated with a small part of 
the system, the major part of the ‘irreversibility’ of a 
mechanical process is to be associated not with the 
mechanical act itself but with the subsequent 
spontaneous flow of heat from the site of the action 
in the processes leading first to thermal equilibrium 
within the system and then to temperature equaliza- 
tion with the surroundings. 

The subdivision of the total irreversibility will 
depend on the process considered. For example, in a 
collision between ‘perfectly elastic bodies’ the ordered 
motion is maintained as elastic waves which are 
reflected from the boundaries of the bodies and return 
to the point of impact to give rise to the ‘restitutional 
force’ which restores to the bodies the whole of the 
kinetic energy. The imperfection of real impacts 
presumably arises from the scattering of these waves 
throughout the bodies, possibly accompanied by 
some randomization near the site of impact. In a 
completely inelastic collision, the randomization may 
occur within a few molecular diameters of the surface 
with a large local temperature rise. 

Essentially similar reasoning can be applied to the 
irreversible flow of an electric current through a 
conductor, and to spontaneous chemical reactions : 
the entropy production is associated to a major extent 
with the process of temperature equalization after 
the cessation of the primary phenomenon. 

D. H. Everett 
Department of Physical and Inorganic Chemistry , 
The University, 
Bristol 8. Aug. 15. 


1 An equation of this form appears in many modern text-books ; it 
has been discussed in particular by Bronsted in, for example, 
“Physical Chemistry” (trans. Bell), Chap. 1 (Heinemann, 1937) ; 
“Principles and Problems in Energetics” (trans. Bell), Chaps. 
4 and 6 (Interscience, 1955). Cf. also Prigogine and Defay, 
“Chemical Thermodynamics”, Chap. 3 (Longmans, 1954). 


Surface Oxide Films and the Breakaway 
Corrosion of Uranium 


DuRING corrosion, the more reactive metals, for 
example, aluminium, zirconium, titanium and uran- 
ium, usually form a protective oxide film which 
reduces the corrosion-rate to a low value. Recently, 
it has been observed that this low corrosion-rate can 
increase suddenly and the phenomenon has been 
termed ‘breakaway’. The cause of breakaway has 
not been finally established, but it appears that the 
effect is associated with a’ change in the protective 
oxide film. 

Surface oxide films have been studied by many 
methods, one of which is to consider the oxide layer 
as the dielectric of an electrolytic condenser’, the 
underlying metal forming one electrode and the 
corrosive liquid the other. By measuring the electrical 
capacity and leakage resistance of such a condenser, 
some estimate of the thickness and conductivity of 
the oxide can be made. 

Wanklyn* has commented on the limitations of 
capacity measurements as a means of estimating oxide 
thicknesses when applied to the problem of breakaway 
corrosion of zirconium. In view of this it may be of 
interest to report some results recently obtained 
while applying a related method to the study of 
breakaway corrosion in uranium—water systems. 
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The experimental techniques, which will be reported 
in full elsewhere, permitted measurements to be made 
without disturbing the corrosion process, the results 
being expressed as the capacity and resistance of 
an analogue circuit consisting of a condenser and 
resistance in parallel. 

Earlier work*:* has shown that the presence of 
hydrogen in solution in y-uranium alloys is associated 
with an increase in corrosion-rate of about x 20. 
To study this effect measurements were made of the 
capacity and resistance of the oxide films on the sur- 
face of specimens which were free of hydrogen and on 
specimens into which hydrogen had been introduced, 
prior to the corrosion test, by cathodic charging. 

The results show that the thickness of the films, 
as indicated by the capacity, is not changed by the 
presence of hydrogen in solution in the metal. The 
measured capacities were the same to within + 10 per 
cent for the hydrogen-charged and hydrogen-free 
samples. However, a marked increase in the con- 
ductivity of the oxide is associated with the presence 
of hydrogen in the metal. The resistance of the 
oxide on the hydrogen-free specimens was greater 
than 10° ohm/cm.*, whereas that on the charged 
samples was of the order 3 x 10° ohms/cm.?. 

While there are no data available on the hydrogen 
content of the oxide layers, it may be expected that 
increasing hydrogen content of the metal would be 
accompanied by increasing hydrogen content of the 
oxide. The mechanism by which hydrogen or hydro- 
gen ions produce this change in resistance is not clear 
as, under the conditions of the corrosion reaction, 
there is no possibility of hydrogen reducing the oxide. 

This work, which is continuing, was sponsored by 
the U.S. Navy, Bureau of Ships. 

J. 8. Lizwetyn LEeacu 
Metallurgy Department, 
Royal School of Mines, 

Imperial College of Science and Technology, 

London, 8.W.7. Sept. 4. 
* Young, L., Trans. Farad. Soc., 51, 1250 (1955). 
* Wanklyn, J. N., Nature, 177, 850 (1956). 
* Draley, J. E., and Ruther, W. E., J. Electrochem. Soc., 104, 329 (1957). 
* Leach, J. 8. L., Revue de Metall. (in the press). 


Kinetics of the Thermal Dehydration of 
Kaolinite 


For the decomposition of a solid substance, one 
of the products being volatile, the following equation 
relating the kinetic parameters of the reaction to the 
results of thermogravimetric analysis was recently 
derived by Freeman and Carroll’ : 

—E “1 
2-3R sides opener Alog dw/dt 
Alog wy ~ Alog Wr 

In this equation EZ represents the energy of activa- 
tion, x the order of the reaction, w the loss in weight 
of reactant up to time, ¢, and w, = w — w, where 
we = loss in weight at completion of the reaction. 
R is the gas constant and T' the absolute temperature. 

Alog dw/dt | A(T 
A plot of i oe aa 
straight line from which the parameters x and E are 
easily derived. For the purpose of this plot w; can 
be determined directly from the thermogram as well 
as the values of dw/dt, the rate of change of weight 
of sample with time, when the thermogravimetric 
analysis is conducted at a constant heating rate. 


) then results in a 
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The dehydration of kaolinite was studied as a func- 
tion of the above equation. The sample consisted of 
the <1y fraction, separated by classical sedimentation 
and supercentrifuge techniques, from a commercially 
available kaolin (Whitehill pottery clay from Con- 
tinental China Clay Co., Brussels). X-ray diffraction 
revealed a very pure monomineral composition in 
agreement with the results of chemical analysis, the 
figures in per cent of which are (after preliminary 
drying at 110°C.) : loss on ignition (950° C.): 13-57; 
SiO,: 46-76; Al,O,: 39:55; Fe,0O,: 0-05; TiO,: 
0:05; CaO: 0:17; MgO: 0:02; Na,O: 0-12; 
K,0:0-45. The thermogram, reproduced from 
100° C. onwards in Fig. 1, was taken with a photo- 
graphically recording Chevenard thermobalance 
(Société Adamel, Paris). The analysis was performed 
in air with a manually controlled constant heating 
rate of 5° per min. on a previously dried (150° C.) 
2 gm. sample placed in a glazed porcelain crucible. 





0} 
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ar/A log wr 


A log 
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Alog dw/dt din A(T-) 
Alog wy ’ Alog wy 


this the following values for the order of reaction and 
the _energy of activation are derived: x = 1 and 
E = 37-80 keal./mole. 

Previously several authors, studying the kinetics 
of the dehydration of clay minerals by isothermal 
loss-in-weight measurements** and mathematical 
treatment of differential thermal analysis curves* 
(using Vold’s method‘), arrived at the same result 
with respect to the order of reaction. The values for 
the energy of activation calculated by these authors 
for kaolinite clays are respectively 44-00 (ref. 2) 
44-83 (ref. 3) and 55-00 kcal./mole (ref. 4). The 
difference between the proposed value and the re- 
ported ones is to be allowed for by differences in com- 
position and size of particles of the samples examined 
and by the different techniques involved (it is to be 








Fig. 2 is a graph of . From 











October 18, 1958 


noted that the figures of refs. 3 and 4 apply to the 
same sample). With regard to the last factor the 
thermogravimetric method has a distinct advantage. 
In the isothermal method some dehydration may occur 
before the sample has reached the constant tempera- 
ture of interest. The mathematical treatment of differ- 
ential thermal analysis curves is concerned with the 
difficulty of correct choice of the transition point, and 
needs @ correct determination of the heat capacity of 
the sample. 


No. 4642 


T. JacoBs 
Chemical Research Laboratory, 
Ministry of Colonies, 

Tervuren, Belgium. Aug. 5. 
1Freeman, E. S8., and Carroll, B., J. Phys. Chem., 
2 Sabatier, G., J. Chim. Phys., 52, 60 (1955). 

* Murray, P., and White, J., Trans. Brit. Ceram. Soc., 54, 151 (1955). 
‘ Allison, E. B., Silicates industriels, 19, 363 (1954). 
5 Vold, M. J., Anal. Chem., 21, 683 (1949). 


62, 394 (1958). 


An Overhauser Effect in Natural 
Crude Oil 


WE have discovered an Overhauser effect in natural 
crude oil. The phenomenon was detected in a 12-ml. 
sample of oil in an H, field of 18-5 gauss (vy = 
80 ke./s.; ve = 52-6 Mc./s.). 

The Overhauser interaction occurs between the 
dissolved asphaltene free radicals and the hydrogen 
protons in the lighter hydrocarbons of the surrounding 
fluid. The electron resonance of these free radicals 
in petroleum has been previously investigated by 
Gutowsky, Ray, Rutledge and Unterberger!. The 
asphaltenes might well be considered as comprising 
a very stable colloidal suspension rather than being 
in solution. The molecular weights of the radicals 
vary from 20,000 to 40,000, and they can be pre- 
cipitated by ultracentrifugation. The concentration 
of the asphaltenes in typical low viscosity crudes 
is of the order of 0-5-1 per cent. The electronic 
line-width in the kilomegacycle range is about 5 gauss. 

The Overhauser interaction observed in the crude 
oil is negative; that is, the nuclear polarization at 
first declines with increasing intensity of the 
electronic radio-frequency field, becomes zero, and 
then builds up in opposition to the applied H, field. 
An electronic radio-frequency field (H,) of about 
0-25 gauss (at 52-6 Mc./s.) was required to drive 
the proton signal to zero in the specimen tested. 
Further increases in radio-frequency power beyond 
this value caused a rapid increase in the nuclear signal, 
in an inverted sense. The maximum available radio- 
frequency field, 1-1 gauss, produced an effective 
amplification of the proton signal of about x 15. 
The amplification (x 7) produced by an 0-8 gauss 
radio frequency field is illustrated in Fig. 1. So far 
as we know, the asphaltene radical is much the 
largest radical ever observed to produce an Over- 
hauser polarization of solvent protons. 

A rough calculation will suggest what strength of 
interaction is to be expected. The specimen was a 
highly fluid crude oil of viscosity about that of light 
machine oil—40 centipoise. A reasonable mean mole- 
cular weight for such an oil is 400, which leads to a 
molecular diameter of 10A. If we assume the 
asphaltene concentration to be 0:5 per cent by 
weight (no accurate analysis was available for this 
oil), and the molecular weight to be 40,000, we find 
that there is one free radical for every 20,000 oil 
molecules. The average spacing of the radicals is 
therefore 270 A. From Stokes’s relation, D =kT'/6xya, 
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Fig. 1. Proton-resonance signals from crude oil, which demon- 
strate the Overhauser effect in the oil. Left, electron resonance 
not stimulated ; right, stimulated by 0-8 gauss 
we can calculate the diffusion constant of the oil. 
This yields D = 5 x 10-* cm.’sec.-1. A reasonable 
distance travelled by a typical oil molecule in the 
proton relaxation interval is (D7',)!/*. For the oil 
in question, 7, was measured and found to be 
186 msec. in a steady field of 18 gauss. The distance 
travelled by a typical proton in this time will thus 
be about 100,000 A. This is more than 300 times the 
spacing of the asphaltene radicals. The radicals 
occupy 3 per cent of the cross-sectional area of the 
solution. A typical proton, then, comes near a radical 

about ten times during the proton 7’, interval. 

At the highest available radio-frequency field the 
saturation parameter S = (H,/AH)?* is 0:05. This 
would ideally lead to a proton signal amplification 
A of 15-5, from the relation? A = 1 — (Sye)/ 
[2yp (1 + S)]. The observed maximum negative 
amplification was about x 15. This may be rather 
fortuitous agreement, especially if it is considered 
that rather crude techniques of radio-frequency field 
measurement were used. It is seen, none the less, that 
the electron in the large asphaltene radical is essen- 
tially as effective in polarizing the adjacent fluid 
protons as those in much smaller radicals which have 
been studied to date. 

EDWARD POINDEXTER 
California Research Corporation, 
La Habra, nesgmRSK Sept. 16. 


"Got e . 8., Ray, B. Roger, oe R. L., and Unterberger, 
R. R., J. wea Phys., 28, 744 (19 
$ Bennett, ‘Lawrence H., and uns ie rf ", Phys. Rev. , 108, 499 (1957). 


Diffusion of Proteins through a Wedge- 
shaped Agar Gel 


A WEDGE-SHAPED agar gel is formed by pouring 
out 10 ml. of a hot 2 per cent agar solution (‘Bacto- 
Agar’, Difco Laboratories) on a pre-warmed glass 
plate (16 cm. x 4cm.), which is slightly inclined. After 
cooling down, the agar sets to a wedge-shaped gel, 
which measures 2:5 mm. at the thick end and 0:2 mm. 
at the thin end. It can easily be detached from the 
glass plate with a spatula. In the meantime another 
agar gel is formed, using the technique we have 
described for immune-electrophoresis! ; 10 ml. of a 
hot 1-5 per cent agar solution are poured on a hot 








1088 


glass plate, as they are used in the ‘Elphor’ paper 
strip scanner. The agar gel, setting on the exactly 
horizontal glass plate, has a thickness of 1-5 mm. 
Now the wedge-shaped agar gel is laid upon it; this 
is done slowly so that no air remains between the 
two agar gels. Paper strips, 2 mm. broad, of Swedish 
‘Munktell’ 20/150 paper are soaked in 2 per cent 
solutions of serum albumin (human), y-globulin 
(Central Laboratory of the Swiss Red Cross, Berne) 
and «,-macroglobulin (Behringwerke, Marburg/Lahn) 
in 0-86 per cent sodium chloride. These paper strips 
are laid parallel upon the wedge-shaped agar gel. 
After 24 hr. in a wet chamber they are removed and 
the agar wedge is placed on a glass plate. Both agar 
gels are now bathed in a 2 per cent solution of acetic 
acid for 2 hr. then they are dried under infra-red light 
and stained with amido-black. 

The result shows that the thick end of the agar- 
wedge (Fig. la, left end) contains more of the proteins 
than the thin end. In Fig. 1b we find the proteins 
which have diffused through the wedge. There is 
slightly more serum albumin (mol. wt. 69,000, ref. 2) 
than y-globulin (mol. wt. 152,000, ref. 2) and much less 
of the «,-macroglobulin (mol. wt. 846,000, ref. 2). 

With the same technique, but using oil red for 
staining, we followed the diffusion of 8-lipoprotein 
(Behringwerke, Marburg/Lahn) and of 8-lipoprotein 
as obtained from blood serum by dextran precipitation 
in the presence of calcium chloride**. The protein 
content of both solutions was 0-8 per cent. 

The £-lipoprotein (Behringwerke, Marburg/Lahn), 
containing 75 per cent lipid and having an approxi- 
mate molecular weight of 2,500,000, shows some 
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diffusion (Fig. 2b), whereas the lipid content of the 
diffused precipitate is not high enough to be visibly 
stained by oil red. In order to increase the sensitivity 
we apply antiserum (horse) on the lower agar gel, 
after diffusion and removing the agar wedge. After 
50 hr. the agar gel is thoroughly bathed in 0-86 per 
cent sodium chloride and non-reacting protein 
removed by elution. Fig. 2c shows what has diffused 
through the agar wedge. This time the paper strip 
was soaked in a 0-1 per cent solution of «-macro- 
protein (Behringwerke, Marburg/Lahn). The dilution 
compared with Fig. la is 1 : 20. 

The results show that the diffusion of mono- 
dispersed proteins through agar gel is slower with 
increasing molecular weight, but it would be difficult 
to give a definite value since it also depends on 
quantity, time and the factors which govern the 
structure of the gel. 

Cu. WUNDERLY 

Medical University Clinic, 

Zurich. Aug. 8. 
* Wunderly, Ch., and Bustamante, V., Klin. Wschr., 35, 758 (1957). 
* Schultze, H. E., Clin. Chim. Acta, 8, 24 (1958). 
* Burstein, M., and Samaille, J., Rev. d’Hémat., 12, 677 (1957). 


* Beaumont, J. L., and Beaumont, V., Rev. Franc. Et. clin. biol., 3, 
221 (1958). 


Su'phydryl Groups and Ribonucleic Acid 


INVESTIGATION of rat and mouse liver prepared 
by solvent substitution! * with 1 per cent mercuric 
chloride in absolute methanol has shown that a 
considerable portion of the cytoplasmic ribonucleic 
acid compounds combine with mercury. 
The nucleic acid compounds of the 
nucleus do not appear to combine with 
mercury under the experimental con- 
ditions used, that is, cooling to —190°C. 
and exposing to solvent at —65°C. for 
48 hr. and then warming to room tem- 
perature. It is considered likely, though 
not conclusively proved, that the mercury 
has access to the nuclei during the solvent 
substitution. 

Absorption curves of liver nuclei in 
tissue substituted with mercuric chloride 
and methanol are identical with curves of 
nuclei substituted with methanol alone. 
The absorption curve for the cytoplasm of 
methanol- and mercury-substituted tissue 


hy a ap Reoteinn which have remained in the wedge-shaped agar-gel. is not identical with that for methanol- 
sini "toni substituted, but shows a shift downwards 
of a portion of the nucleic acid absorption. 

Experiments with nucleic acid bases in 

B-Lipoprotein solution have shown that the presence of 
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mercury shifts the absorption maximum 
down to approximately 245 my from 
265 mu. The shift observed in the cyto- 
plasmic curve is taken as evidence of 
combination with mercury. 

Digestion of 10p sections with crystal- 
line ribonuclease (1 mgm./ml. in glass- 
distilled water) removed all material stain- 
ing with pyronin® in control sections, that 
is, methanol-substituted, after } hr. In 
methanol- and mercury-substituted sec- 
tions the nuclear material staining with 
pyronin was removed after } hr., but there 
was still considerable cytoplasmic stain- 
ing after 1 hr. digestion. Nuclear material 
staining with methyl green* was removed 
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by 4 hr. digestion with crystalline deoxyribonuclease 
from both methanol and methanol and mercury tissue. 

The absorption curves, enzyme digestion and 
staining reactions show that the nucleic acid com- 
pounds of the nucleus do not have reactive groups 
available for combination with mercury under the 
conditions used. The same criteria indicate that a 
portion of the cytoplasmic ribonucleic acid is asso- 
ciated with groups able to combine with mercury. 
Combination with purine and pyrimidine bases 
directly or with phosphate groups seems unlikely to 
select a particular portion of the nucleic acid com- 
pounds. It is known that mercury salts will combine 
with sulphydryl groups, and it is suggested that this 
is occurring during the solvent substitution. 

Association of nucleic acid compounds with sulph- 
ydryl groups has been suggested as involved in 
polypeptide synthesis‘ and the polymerization of 
actin’, The importance of sulphydryl groups dur- 
ing cell division has been emphasized*, and it has 
recently been shown that a diffusible nucleotide’-® 
is also involved ; indeed it is possible that this nucleo- 
tide is hydrogen bonded to the spindle protein through 
a sulphydryl group. Hydrolysis by the nucleases 
involves phosphate groups, and the protection of some 
of the ribonucleic acid compounds by mercury may 
involve an association of phosphate and sulphydryl 
groups perhaps as previously suggested®. The inter- 
vention of sulphydryl groups in protein synthesis is 
indicated by work on sulphur-starved yeast’. If a 
part at least of the role of ribonucleic acid in protein 
synthesis is mediated by a bond involving a sulph- 
ydryl group, then the present evidence suggests 
that nuclear nucleic acid compounds do not intervene 
in protein synthesis at the same level as the cyto- 
plasmic compounds. 

A mechanism involving sulphydryl groups offers 
the possibility of control by other cellular systems 
controlling, for example, the level of oxidation. Such a 
mechanism, responsive to the state of affairs in the rest 
of the cell, would seem to be suitable as a primary 
step in protein synthesis. This would place the 
nucleus as intervening in protein synthesis subsequent 
to the cytoplasmic function. It is possible that a 
preliminary polymerization of amino-acids in the 
cytoplasm is followed by a further more specific 
polymerization of the units by the nuclear com- 
pounds, Recent work with tracers in cells synthesizing 
protein has also been interpreted as demonstrating 
the prior role of cytoplasmic ribonucleic acid in 
protein synthesis". 

An account of the investigation of mercury solvent 
substitution will be published elsewhere. 


L. G. E. Bey 
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Department of Zoology, 
King’s College, 
London, W.C.2. 

Aug. 9. 
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Mechanism of Chlorophyll Action in 
Photosynthesis 


THE use of tritiated water affords a sensitive means 
of answering at least one question about early 
photosynthetic events : Do any of the hydrogen atoms 
of the chlorophyll molecule intervene in the electron 
transport chain between water and oxidant ? It has 
already been established! that all the hydrogen— 
carbon bonds of the chlorophyll molecule are suffi- 
ciently stable to prevent hydrogen exchange in 
neutral organic solvents in the dark; a tracer 
experiment is therefore feasible. At least one current 
school of thought maintains that the participation 
of hydrogen of the chlorophyll molecule in a chemical 
reaction is a requisite step in the electron transfer 
which originates in photoactivated chlorophyll*. 
Experiments in which Chlorella or Scenedesmus cells 
were illuminated in tritiated water have led us to 
the conclusion that some hydrogen of chlorophyll is 
activated during photosynthesis. A similar light- 
dependent and heat-sensitive activation of chloro- 
phyll a and bacteriochlorophyll has been observed 
in a variety of cell-free preparations. The position 
in the chlorophyll molecule which is photochemically 
labilized is tentatively concluded to be Cy». 

In the first experiments, Chlorella cells were 
suspended in tritiated water, and shaken either in 
the light or dark for 30 min. at 15° C., and compared 
with a dark control and a zero-time control. At the 
end of the experiment the suspensions were heated 
for 2 min. at 100°, the cells were lyophilized, and 
finally extracted with acetone. The chlorophylls 
were isolated by chromatography on sugar columns, 
and the purified material was counted in a windowless 
gas flow counter. Experiments 1, 2 and 3 in Table 1 
show radioactivity associated with all chlorophyll 
samples; but chlorophyll derived from the illum- 
inated incubation mixture has the highest specific 
activity. The radioactivity in the zero-time control 
sample was later shown to be the result of the short 
heat treatment, and could be reproduced with sus- 
pensions of pure chlorophyll in tritiated water. The 
position of tritium on the chlorophyll molecule made 
radioactive by heating is unknown. In subsequent 
experiments heating was omitted, and the algal cells 
were extracted without prior heating. It will be seen 
that in these experiments, Nos. 4 and 5, tritium is 
incorporated into chlorophyll only in the light. In 
one experiment the identity of the radioactive material 
with chlorophyll a was established by treating the 
biologically labelled material with 1 N hydrochloric 
acid and chromatographing the resulting pheophytin 
a. The specific activity of the pheophytin a was 
1,155 counts per min. per mgm., and that of the 
original chlorophyll a, 1,145 counts per min. per mgm. 

It will be noted that in these experiments chloro- 
phyll @ attained only a small fraction of the activity 
expected for complete equilibration of one position 
with the hydrogen of water. It is not known whether 
this reflects the participation of only a small fraction 
of the chlorophyll a in photosynthesis. 

Greater differences between the tritium incorpora- 
tion in the light and in the dark were observed in 
experiments with fragments of chloroplasts, which 
are known to carry out the Hill reaction. It can be 
seen in experiment 6, carried out’ with spinach leaf 
chloroplast fragments, that only in the light was a 
significant amount of tritium incorporated into the 
chlorophyll fraction. ‘The absence of radioactivity 
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| C.p.m./umole of chlorophyll 


Time in TOH 





Organism | 
| Zero time 


Boiled 


Dark min. ¢.p.m./yatom 





Chlorella sp. 2-500 


Scenedesmus nageli 

Spinach leaf chloroplast fragments 

Acetone powder of spinach leaf chloro- 
plast fr: ents 

Chromatophores of Chromatium 
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30 


6,160 
, 5 
5 


| 


165,000 
500,000 


40,000 
40,000 














incorporation of tritium is the result of an enzymatic 
reaction. Spinach leaf chloroplast fragments which 
have been extracted with acetone at —5° lose most 
of their chlorophyll, but retain a measurable part of 
it which is resistant to further extraction with acetone. 
Such acetone powder was suspended in tritiated water 
and exposed to light. This experiment, No. 7 in Table 
1, shows that here, too, the chlorophyll becomes 
radioactive only in the light. This experiment is of 
particular significance since the specific activity of 
the radioactive chlorophyll indicates extensive equili- 
bration with water. Probably only one hydrogen 
position participates in this reaction, and almost 
every molecule of chlorophyll in this reaction mixture 
has participated at least once. Experiment No. 8 
was carried out with chromatophores of the purple 
sulphur bacterium Chromatium, prepared by Dr. I. C. 
Anderson of the Brookhaven National Laboratory. 
Like chlorophyll a, bacteriochlorophyll became 
radioactive in the light. 

A number of observations suggest that the tritium 
on the radioactive chlorophyll a is located on C,p. 
Although the radioactivity remains associated with 
the molecule upon treatment with acid, all radio- 
activity passes ‘into water when the labelled chloro- 
phyll is treated with alkali. The label on 
chlorophyli a is quite unstable when the purified 
chlorophyll is exposed to air in the dry state, as for 
example, on nickel planchets or on paper chromato- 
grams. This instability may be attributed to the 
allomerization reaction in which C,, is oxidized. 
It is thought likely that chlorophyll a tritiated in 
this position would be obtained by mild alkaline 
treatment of chlorophyll in tritiated water. Chloro- 
phyll a was shaken in a mixture of 10 me. of tritiated 
water with 0-02 ml. of pyridine in 1 ml. of ether for 
12 hr. and was re-isolated by water—ether partition. 
The chlorophyll was found to be highly radioactive. 
Its radioactivity also was acid-stable, alkaline-labile, 
and unstable on prolonged exposure to air in the dry 
state. If in the previous experiments chlorophyll 
was indeed labelled in the C,, position, then chemically 
labelled chlorophyll a should be detritiated in similar 
reaction mixtures in the light. Table 2 shows experi- 
ments in which such detritiation by acetone powder 
of spinach leaf chloroplast fragments was carried 
out, occurred only in the light, and was heat sensitive. 
Attempts are in progress to purify the detritiating 
enzyme system and to identify possible co-factors. 
At this time the reaction system is in part bound to 
the insoluble part of the acetone powder suspension. 
Table 2. Loss OF TRITIUM FROM CHLOROPHYLL @ LABELLED AT 
Cy» DURING INCUBATION WITH ACETONE POWDER OF SPINACH LEAF 

CHLOROPLAST FRAGMENTS 
| Residual ¢.p.m./umole of chlorophyll a 
| 148,000 
19.00 | 
149,000 > after 30 minutes 
122,000 














It is tempting to suggest that this light-dependent 
labelling of chlorophyll by tritium originating in 
water is the first step in the hydrogen transfer reaction 
chain in photosynthesis. There is at present one 
strong reason for believing that this labelling of 
chlorophyll is intimately related to photosynthesis. 
If triphosphopyridine nucleotide is added to the 
reaction mixture which contains a suspension of 
acetone powder and chemically tritiated chlorophyll 
a, there is in the light a substantial transfer of tritium 
from chlorophyll a to triphosphopyridine nucleotide. 
This tritium transfer must be the result of a series of 
reactions in which the intermediates do not exchange 
hydrogen with water, since any amount of exchange 
would have diluted the tritium below detection-levels. 
The details of these and related experiments will be 
presented elsewhere. 

This work has been supported by grants from 
the U.S. Public Health Service, the National Science 
Foundation, and the James Hudson Brown Memorial 
Fund of the Yale School of Medicine. 
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Bacteria! Preparation of Orotidine-5’- 
phosphate and Uridine-5’-phosphate 


THE enzymic syntheses of orotidine-5’-phosphate 
and uridine-5’-phosphate have been reported by 
Lieberman et al.! and others. A chemical phosphoryla- 
tion of uridine to form the 5’-phosphates has also 
been described by Hall and Khorana*. This communi- 
cation describes the preparation of these previously rare 
compounds from cultures of HZ. coli B grown ina salts— 
glucose medium in the presence of the uracil analogue, 
as-triazine-3,5-dione, referred to as 6-azauracil. 

It was reported previously that 6-azauracil inhibits 
the growth of various micro-organisms** and that 
nucleoside and nucleotide metabolities of the analogue 
could be isolated from the culture medium‘ or from 
the inhibited cells*. Using a modification of the 
method described by Skoda et al.’ for the ribosidation 
of 6-azauracil by EZ. coli B to form 6-azauracil riboside 
(azauridine), large amounts of normal pyrimidine 
metabolities also were found in the medium. These 
have now been characterized as orotic acid, orotidine- 
and uridine-5’-phosphates. In a typical preparative 
run, 20 1. of a salts-glucose synthetic medium* con- 
taining 0-5 mmole/l. of 6-azauracil were inoculated 
with 2 1. of an uninhibited 18-hr. culture of H. coli B 
and incubated at 25° for 24 hr. without aeration. 
Growth, as judged by turbidity, was approximately 
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one-third that of an uninhibited culture. The entire 
culture, without removal of the cells, was passed 
through a 100-gm. column of ‘Darco’ 20-40 granular 
charcoal, and the adsorbed pyrimidine derivatives 
were eluted with 50 per cent ethanol containing 2 
per cent concentrated ammonium hydroxide. Follow- 
ing concentration in vacuo to a small volume, a 
crystalline precipitate was removed by filtration and 
characterized as ammonium. orotate (700 mgm.). 
The filtrate was diluted, adjusted to pH 8-5, and 
passed through a 2cm. x 20 cm. column of ‘Dowex’ 
1 x 4 (formate) (200-400 mesh) anion resin. Elution 
with 0-1 N formic acid removed azauridine (1,140 
mgm.) and a small amount of unconverted 6-azauracil. 
The solution of azauridine was concentrated to 
dryness, and the residue was recrystallized from water 
and ethanol. The column was then subjected to 
gradient elution with water and 1 N ammonium 
formate (pH 3-8) until two major ultra-violet-absorb- 
ing materials were removed. That the first of these 
was uridine-5’-phosphate (35 mgm.) was indicated 
by the ultra-violet-absorption characteristics and by 
ribose content, periodate titration, phosphate analysis, 
paper chromatography in four systems and perchloric 
acid digestion to release free uracil. The second 
substance was characterized in the same manner as 
the first ; the analytic results indicated that it con- 
sisted of orotidine-5’-phosphate (73 mgm.). Both 
nucleotides were further purified by rechromato- 
graphy on ‘Dowex’ 1 ion-exchange columns. The 
yields of uridine-5’-phosphate are variable, and in 
small-scale cultures occasionally none is found ; 
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yields of orotidine-5’-phosphate are generally greater 
when those of uridine-5’-phosphate are low. 


The 
reasons for this and further data on the mechanism 
of this accumulation are to be reported in detail 
elsewhere. From the charcoal eluates of a 625-gallon 
culture of E. coli inhibited by 6-azauracil, kindly 
supplied by the Squibb Institute for Medical Research, 
65 gm. of orotic acid, 13 gm. of uridine-5’-phosphate 
and 6 gm. of orotidine-5’-phosphate have been 
isolated. Small amounts of phosphorylated deriva- 
tives of azauridine also were present in the charcoal 
eluate from the small-scale preparations and were 
recovered during ion-exchange chromatography. 
These correspond to those substances, previously 
referred to, which occur in the acid-soluble extract 
from S. faecalis cells* inhibited with 6-azauracil. 
Apart from the preparative potential of this simple 
system for pyrimidine nucleotides, the significance 
of the accumulation of orotic acid and orotidine-5’- 
phosphate, with respect to the mode of action of the 
antimetabolite 6-azauracil, is apparent. A blockage 
in the utilization of pyrimidine derivatives at the 
ribotide level is suggested; in fact, enzymatic 
studies reported elsewhere’ have attributed the inter- 
ference to an inhibition of orotidylic decarboxylase. 
It is of interest from a biosynthetic point of view 
that approximately 1 gm. of ribose in nucleoside or 
nucleotide linkage and 1-0 gm. of pyrimidine deriva- 
tives are produced in a salts-glucose medium from an 
inhibited culture which contained approximately 
1 gm. (dry weight) of bacterial cells. In the absence 
of 6-azauraci! there is little or no accumulation of 
these pyrimidine derivatives in the culture medium 
and the additional approximately 2 gm. (dry weight) 
of bacterial cells which would have been formed 
could not have contained more than 200 mgm. of 
pyrimidine-derivatives. It may be inferred that 
6-azauracil acts not only to prevent further utilization 
of these nucleotides but also to suppress @ mechanism 
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which, under normal conditions of growth, limits their 
formation. 

I wish to thank workers in the Squibb Institute for 
Medical Research, New Brunswick, New Jersey, for 
their generous help in the processing of large cultures. 
The present work was supported by a scholar appoint- 
ment from the American Cancer Society and funds 
from the U.S. Public Health Service Grant C-2817. 

R. E. HanpscHUMACHER 
Department of Pharmacology, 
Yale University School of Medicine, 
New Haven, Connecticut. June 30. 
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Mode of Action of 5 : 6-Dimethylbenz- 
imidazole and Certain Keto-Acids as 
Inhibitors of Ham Biosynthesis 


Abbott and Dodson! reported an inhibition by 
5 : 6-dimethylbenzimidazole of the incorporation of 
18N-glycine into hem by chicken erythrocyte pre- 
parations. Later work by Abbott, Dodson and Auvil? 
showed that this inhibition is at a step prior to the 
formation of 3-aminolevulic acid in the biosynthetic 
pathway. Recently, it has been reported® that the 
inhibition is to be located in those steps of $-amino- 
levulic acid synthesis which involve either activation 
of glycine, in which pyridoxal phosphate is con- 
cerned, or condensation of the activated glycine 
derivative with succinyl-coenzyme A. Production 
of succinyl-coenzyme A itself is not inhibited by 
5 : 6-dimethylbenzimidazole in the chicken erythro- 
cyte preparations used*. Evidence has been presented 
recently‘ for the involvement of ferrous iron in the 
biosynthesis of 3-aminolzvulic acid; work described 
at the same time showed that ferrous iron consistently 
diminished the inhibition by 5 : 6-dimethylbenz- 
imidazole of 5-aminolevulic acid biosynthesis. Several 
other metal ions examined, including ferric iron, did 
not have this effect. 

Present work has shown that riboflavin, a good 
chelating agent for ferrous iron’, also inhibits the 
biosynthesis of $-aminolevulic acid and that the 
inhibitions obtained with riboflavin, 5 : 6-dimethyl- 
benzimidazole and «-«’-dipyridyl* are not additive 
(Table 1), so suggesting a similar mode of action 
as inhibitors, that is, the binding of ferrous iron. 

If this hypothesis were correct it might be expected 
that 5 : 6-dimethylbenzimidazole would also inhibit 
the last stage of hem synthesis, which involves the 
incorporation of ferrous iron into the porphyrin ring 
system. This was tested using lysed chicken erythro- 
cyte preparations and assaying the incorporation of 
iron-59 into hem. The method used was that de- 
scribed by Goldberg, Ashenbrucker, Cartwright and 
Wintrobe*®. Table 2 shows the results so obtained, 
and Table 3 the results obtained from a parallel 
series of incubations in which porphyrin production 
was estimated by the method of Dresel and Falk’. 
Comparison of Tables 2 and 3 indicates an inhibition 
of hem synthesis at two levels : (1) prior to $-amino- 
levulic acid formation ; (2) between protoporphyrin 
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and hem production. . This finding confirms the 
hypothesis that 5 : 6-dimethylbenzimidazole inhibits 
steps requiring ferrous iron, the most likely mech- 
anism being binding of the metal by co-ordination 
at the nitrogen atom (N,) of the imidazole ring. 
It has been observed, ‘in this connexion, that N,- 
substituted benzimidazoles are without inhibitory 
effect. 

Inhibition of hem synthesis in bone marrow 
homogenates by «-oxoglutarate has been reported 
by Richmond, Altman and Salomon’. This inhibition 
has been demonstrated, in chicken erythrocyte 
preparations, to be located at those steps of 3-amino- 
levulic acid synthesis where 5 : 6-dimethylbenz- 
imidazole mediates its effect*. Again, using extracts 
of Rhodopseudomonas spheroides which synthesize 
§-aminolevulic acid, Shemin, Kikuchi and Bach- 
mann’* have shown an inhibition by both «-oxoglut- 
arate and pyruvate. It has been suggested that 
inhibition by keto-acids might be attributable to a 
shunting of pyridoxal-5’-phosphate from $-amino- 
levulic acid synthesis to transamination processes 
involving the added keto-acids*®. Another school has 
suggested that pyruvate might compete with succinyl- 
coenzyme A for ‘activated glycine’™. 

In view of the observation, already mentioned, 
that «-oxoglutarate appears to exert its inhibitory 
effect at a similar stage, in the biosynthesis of 
8-aminolevulic acid, to 5 : 6-dimethylbenzimidazole, 
and taking into consideration the evidence obtained 
for the action of 5: 6-dimethylbenzimidazole as a 
binding agent for ferrous iron, it seemed feasible 
that «-oxoglutarate and pyruvate might be acting 
in the same way. In this case, however, binding of 
metal ions would be expected to take place by chela- 
tion by the enol form of the respective keto-acids. 
Following this idea, experiments were conducted to 
examine the effect of ferrous iron on the inhibitions 


Table 1. NON-ADDITIVE INHIBITIONS OF 46-AMINOLAZVULIO ACID 
BIOSYNTHESIS WITH 56 : 6-DIMETHYLBENZIMIDAZOLE AND RIBOFLAVIN 
OR a-a’-DIPYRIDYL 





6-Amino- 
Levulic acid 
(gw nmole) 


Inhibition 


Additions 
(per cent) 





Ezp.1 


None 
5 : 6-Dimethylbenzimidazole (2-7 mM) 
Riboflavin (0-5 mM) 06 69 
5 : 6-Dimethylbenzimidazole + ribo- 
flavin (0-5 mM) 43 80 


Exp. 2 
None — 
5 : 6-Dimethylbenzimidazole (2-7 mM) 79 64 
a-a’-Dipyridyl (1 mM) 172 22 
5 : 6-Dimethylbenzimidazole (2-7 mM) 

+ a-a’-dipyridy! (1 mM) 73 67 


a _ 

















Incubations conducted under standard conditions (ref. 3) with 
bo YD. glycine and 30 mM citrate. Chicken erythrocyte preparation 
Table 2. Errzot oF 5: 6-DIMETHYLBENZIMIDAZOLE ON H&M 

SYNTHESIS 





Activity of 
hemin (**Fe) 
isolated counts/min./ 
(mgm.) mgm. 


25-9 27 


Hemin 
Additions 





Glycine (30 mM) + succinate (30 yr 
one od tert Bas +1 succinate (30 mM 





19-1 8 
12°8 22 


21-6 9 


(- 
dAwin 
eau 


M) 
Dievullc acid (0-4 mM 
levulic acid fo: 4 ba} . 


+5: 
mM) 




















Chicken erythr: prepared and incubated as described by 
Goldberg etal ( ref. 6). eRe heal Wanisckthed cudedentelasdusectied 
by roo authors. 
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Table 3. E¥FEcT OF 5 : 6-DIMETHYLBENZIMIDAZOLE ON PORPHYRI\ 
SYNTHESIS 
Proto- 


rohyrin | porphyrin | porphy 
po! nD | porphyr: 
wm.) | gm.) |" (gm) | 
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Additions 





Glycine (30 mM) + succinate 


ro (30 mM) + succinate 
30 mM) + 5: one 
ee te (6-8 _— 
6-Aminola vulic acid (0-4 rete 131 
6-Aminola-vulic acid (0-4 mM) 
6-dimethylbenzimid- 


t 5ys 
azole (6-8 mM) 137 

















Chicken erythrocyte lysate prepared and incubated as described by 
Dresel and Falk (ref. 8). Porphyrin separations mt sernneme were 
made following the procedure of these authors (ref. 7 


Table 4. E¥Frect OF FR2kOUS SULPHAT® ON THE INHIBITION oF 
5-AMINOLAVULIC ACID SYNTHESIS BY KETO-ACIDS 





Aininewte acid | 


Additions (ummole) 





None 154 | 
FeSO, (1 mM) | 
a-Oxoglutarate (10 mM) 

a-Oxoglutarate (10 mM) + FeSO, (1 mM) | 
Pyruvate (10 mM) | 
Pyruvate (10 mM} + FeSO, (1 mM) 65 











Incubation conducted under standard conditions (ref. 3) with 
res rs. glycine and 30 mM citrate, Chicken erythrocyte preparation 
re’ 


produced by «-oxoglutarate and pyruvate in chicken 
erythrocyte preparations which synthesize $-amino- 
levulic acid without concomitant production of 
porphobilinogen or porphyrins*. The results, recorded 
in Table 4, show that ferrous sulphate produces 
marked alleviation of the inhibitions obtained with 
both «-oxoglutarate and pyruvate, so offering some 
support for the above hypothesis. 

This work, which was carried out during the tenure 
of an I.C.I. Research Fellowship, will be reported in 
full elsewhere. I wish to thank Prof. C. Rimington for 
his interest and advice and Miss B. Knight for tech- 
nical assistance. 

E. G. Brown 
Department of Chemical Pathology, 
University College Hospital Medical School, 
London, W.C.1. 
Aug. 11. 
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Colour Vision Studies and the 
X-Chromosome Constitution of Patients 
with Klinefelter’s Syndrome 

WE wish to report confirmation of the presence of 
two X-chromosomes in males with Klinefelter’s 
syndrome and female nuclear sex and their presump- 
tive ‘sex-reversal’. 

In 1949 Barr and Bertram! described a sexual 
dimorphism in intermitotic nuclei and suggested 
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that the presence of ‘sex-chromatin’ (female nuclear 
sex) was dependent on the presence of two X-chromo- 
somes. It has been assumed that the absence of 
‘sex-chromatin’ (male nuclear sex) as in normal males, 
could be taken to imply an XY sex-chromosome 
combination. The validity of this identity is sup- 
ported by many facts but does not amount to 
absolute proof. Caution is required in drawing 
conclusions from nuclear sexing about the X-chromo- 
some constitution in anomalies of sexual differentia- 
tion, particularly those with apparent sex-reversal, 
because chromosomal anomalies are possible in these 
conditions and may lead to faulty inferences from the 
nuclear sex findings. Therefore the results of nuclear 
sexing in such cases should be confirmed by non- 
cytological genetic means*. The results of colour- 
vision studies can be used as tests of the X-chromo- 
some constitution in groups of individuals with 
anomalies of sexual differentiation resulting in a 
discrepancy between somatic appearances and nuclear 
sex. Major red-green colour vision defects are 
determined by recessive genes located in the non- 
homologous portion of the X-chromosomes and 
therefore are much more common among males than 
among females, who must be homozygous for the 
genes in order to manifest the trait. 

Colour vision tests on a group of subjects of female 
phenotype with evidence of ‘ovarian agenesis’ 
(gonadal dysgenesis) and with male nuclear sex, 
suggesting a male sex-chromosome constitution, 
showed that nuclear sexing had accurately depicted 
the absence of the XX chromosome combination and 
thus proved that they were not females in the sense 
of their sex-chromosome constitution?. It was not 
possible to obtain non-cytological genetic evidence 
on the Y sex-chromosome because of the absence of 
demonstrable complete Y-linked genes, though now 
that the work of Ford and his colleagues* has made 
direct detection of this chromosome possible the 
answer should be forthcoming. In Klinefelter’s 
syndrome, a condition of sterility in males with 
abnormally small testes‘, a proportion of patients 
have a female nuclear sex pattern and the inference 
is that they have an XX sex-chromosome constitution. 
It was suggested’ that their colour vision should be 
studied to confirm this and a preliminary assessment‘ 
showed a trend in this direction. The study has 
since been extended and the results to date are given 
in Table 1. 

The incidence of major colour vision defects in the 
population of England, as tested on the Ishihara 
Tables, is 7-8 per cent for males and 0-65 per cent 
for females’, The figures for Switzerland are about 
8 per cent for males and 0-43 per cent for females’. 
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ISHTHARA COLOUR VISION TESTS IN PATIENTS WITH 


Table 1, 
KLINEFELTER’S SYNDROME 





Major eo vision defect: 
ted | Expected 
it ae if sample 
were of were of 
males* femalest 


Colour 
Total | vision |Observed 
tested|normal 








——_ 
| Patients with fe- 
male nuclear sex 


| (presumptive XX) 0-36 


55¢ | 55 





| Patients with male 
nuclear sex (pre- 
suinptive XY) 
* Bosed on an 8 per cent incidence of major colour vision defects 
amony males, 
t Based on'a 0-65 per cent incidence of major colour vision defects 
amonz females. 
t 47 patients trom Glasgow, 35 from London and 11 from Zurich. 


38$ | 34 4 3-04 0-25 
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The findings on colour vision in the sample of 55 
chromatin-positive patients with Klinefelter’s syn- 
drome are significantly different from those that 
should be found in a sample of males, and therefore 
our results confirm the inference of nuclear sexing, 
that these patients, though phenotypic males, have 
in fact two X sex-chromosomes. 

Recently, Ford and his colleagues* have found 
chromosome combinations of female type in a 
culture of bone. marrow cells from one patient 
with Klinefelter’s syndrome, thus giving the first 
direct cytological confirmation to the nuclear sex- 
ing result in the case submitted to them for study. 

We are grateful to Dr. D. Ferriman for information 
about four of his patients included in the. London 
series and to all the other colleagues who referred 
their cases to us. 

P. E. Porant 
P. M. F. BisHop 
Guy’s Hospital, 
London. 
B. Lennox 
M. A. Fereuson-SMItH 
J. 8. 8. Stewart 
Western Infirmary, 
Glasgow. 
A. PRADER 
Kinderspital, 
Zurich. 
July 21. 
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Lowering of an Auditory Threshold 
produced by a Light Signal occurring 
after the Threshold Stimulus 
Ir has previously been shown that the interval 


between a warning signal and a subsequent stimulus 
will affect the threshold-level for perception of the 


stimulus!:?. When the interval between the warning 
signal and the threshold stimulus was kept constant, 
and was known to the subject beforehand, the 
threshold was lowest for a 1-sec. interval and was 
progressively higher for intervals of 2, 3, 4 and 9 sec. 
When the warning intervals were used in random 
order so that the subject did not know when, within 
the range, to expect the stimulus, the effect did not 
appear. This rules out an explanation in terms of 
intersensory facilitation. 

This experiment has now been extended to warning 
intervals of 0, 0-3,.0-6, 0-9 and 1-5 sec. in one experi- 
ment and 0-05, 0-1, 0:15, 0:2 and 0-3 sec. in another, 
with the result that the threshold was lowest for the 
shortest interval in both cases. By analogy with 
reaction time and conditioning experiments, one 
might have expected the greatest ‘readiness’ and 
thus the lowest threshold to occur some time after 
the warning signal. 

The following experiments confirm these results, 
and also extend the observations to the use of a 
‘warning’ signal after the threshold stimulus. 
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The threshold stimulus was an increase, lasting 
about 50 msec., in the intensity of a 500-c.p.s. tone 
60-70 decibels above threshold. The warning signal 
was @ neon bulb lighting up. Another neon served as 
a ‘get ready’ signal before each trial, and the interval 
between it and the warning neon varied randomly 
between 2 and 7 sec., to prevent it acting as an 
effective warning. In each series of twenty trials, 
the interval between the ‘warning’ neon and the 
threshold stimulus was constant, and known to the 
subject. Four each of four intensities, and four zero 
or blank stimuli, occurred in each series in random 
order. The thresholds were calculated by probit 
analysis. 

In the first experiment, intervals of —0-5 sec. 
(that is, the neon came on half a second after the 
threshold stimulus) and —0-1 sec. were compared 
with ‘no warning’ series, in which the second neon 
did not light up. In the second experiment, intervals 
of —0-1, 0 and +0-1 sec. were used. The simultaneous 
condition gave the lowest threshold, and even when 
the second neon came on 0-5 or 0-1 sec. after the 
threshold stimulus, it significantly lowered the 
threshold, as is shown in Table 1. 


Table 1 








| Warning inter- 
val 


| Threshold (db.) 
Standard errors 

| False positive 
rate (per cent) 








These results might have been due to the subjects 
trying harder on some series. To exclude this 
possibility, a third experiment was done, in which 
trials under the —0-5 condition and the ‘no warning’ 
condition occurred in random order. The thresholds 
were 0:30 + 0-013 decibel and 0-37 + 0-010 deci- 
bel, and the false alarm rates 4-0 and 4-5 per cent, 
respectively, showing that the effect is still there 
even when ‘set’ is excluded. 

These results imply that in experiments involving 
accurate threshold determinations not only should all 
possible preceding warnings be controlled but also 
any cues occurring up to at least 0-5 sec. after the 
stimulus. They also provide evidence that the effects 
of stimuli, unable by themselves to determine a 
perception or response, may be stored for brief 
periods, 

That the threshold in these experiments is not 
lowered by intersensory facilitation is shown by the 
negative result in our earlier experiment with 
randomized warning intervals, and by the still large 
effect when the ‘warning’ occurs 0-5 sec. after the 
threshold stimulus. Experiments by Barlow® and by 
Tanner and Swets* have shown that the deliberate 
lowering of a visual threshold, by instructions or by 
motivation, results in an increased false alarm rate, 
and Barlow also found a decrease in the slope of the 
frequency of response curve when measured on a 
logarithmic scale. Both are unaffected by the changes 
in threshold in our experiments, suggesting that the 
lowering of the threshold is accompanied by, and may 
be the result of, a decrease in the effective ‘noise’ in 
the system. Such a decrease in ‘noise’ could be due 
to the ‘warning’ signal reducing the subjects’ uncer- 
tainty about just when the threshold stimulus will 
occur. This uncertainty would be at a minimum 
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when the ‘warning’ and the threshold stimulus are 
simultaneous. 
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C. I. Howarts 
M. TREISMAN 


Institute of Experimental Psychology, 
University of Oxford. 
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New Plant Growth-Substances with 
Selective Herbicidal Activity 


THE pronounced effect on plant growth-regulating 
activity that results from the introduction of chlorine 
atoms into certain positions of the benzene ring in 
benzoic and phenoxyacetic acids is well known}, and 
some of these active derivatives, for example, 
2 : 4-dichlorophenoxyacetic acid (2: 4D), 2:4: 5-tri- 
chlorophenoxyacetic acid (2:4:5T) and 2:3: 6- 
trichlorobenzoic acid have become widely used for 
selective weed control. Systematic investigations 
with these groups of compounds have provided much 
information on the structural requirements necessary 
for high growth-regulating activity®. The influence 
of nuclear substitution on the activity of pheny]- 
acetic acids, however, has not received much atten- 
tion, although some of these compounds have been 
examined (see Pybus’). 

All the mono- and di-chlorophenylacetic acids, 
together with certain analogous trichloro-derivatives, 
have recently been prepared in this laboratory and 
their growth-regulating activity has been assessed 
in the wheat cylinder, pea segment and pea curvature 
tests*. During this investigation, the activity in the 
above three tests of all the corresponding benzoic 
and phenoxyacetic acids was re-examined for com- 
parative purposes. With phenoxyacetic acids, bigh 
activity occurs only when a substituent group such 
as chlorine is present in the para-position of the 
ring; thus, for example, the 4-chloro-, 2:4- and 
3:4-dichloro-, 2:3:4- and 2:4: 5-trichloro-acids 
are all highly active‘. In the benzoic series, however, 
compounds substituted in the para-position possess 
only weak activity ; when this position is free, high 
activity is found to be associated with ortho-sub- 
stitution. Thus the 2:3-, 2:5- and 2: 6-dichloro- 
and 2:3: 6-trichloro-benzoic acids are. all active 
compounds’. 

With the phenylacetic acids, we have found that 
all the mono- and di-chloro-derivatives exhibit 
activity®, the 2:3- and 2:6-compounds being ex- 
tremely active. The high activity of 2: 3- and 2: 6- 
dichlorophenylacetic acids led logically to an exam- 
ination of 2:3: 6-trichlorophenylacetic acid and, as 
expected, this compound proved extremely active. 
The performance of these three acids in our standard 
laboratory tests, together with those of the corres- 
ponding benzoic and phenoxyacetic derivatives, are 
presented in Table 1, where comparable data for 
the activity of 2: 4-dichlorophenoxyacetic acid are 
also given. The results clearly reveal the high 
growth-promoting properties of 2:3- and 2: 6-di- 
chloro- and 2 : 3: 6-trichlorophenylacetic acids. It 
will be noted that the activity of the 2 : 3- and 2: 3 : 6- 
derivatives in these tests was at least equal to that 
of 2:4D and far superior to that shown by the 
corresponding 2: 3-dichloro- and 2 : 3: 6-trichloro- 
benzoic and phenoxyacetic acids. 
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Table 1. 
2:6-DICHLORO- AND 2:3: 


NATURE 


GROWTH-PROMOTING AOCTIVITY IN THE WHEAT CYLINDER, PEA SEGMENT AND PEA CURVATURE TESTS* OF 2:3- AND 
6-TRICHLORO-DERIVATIVES OF BENZOIC, PHENYLACETIC AND PHENOXYACETIO AcIDSt. THE ACTIVITY 
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OF 2: 4-DICHLOROPHENOXYACETIO ACID IN THESE TESTS IS ALSO GIVEN 





Concentrations tested (molar) 





Acid Wheat cylinder test : 


x10-7 x10-* x10-° x10-* x10°* 


Pea curvature test : 


Pea segment test : 
x10-7 x10-* x10-° x10-* x10" 


x10-7 x10-* x10-° x10-* x10-° 





: 3-Dichlorobenzoic 

: 6-Dichlorobenzoic 

3 : 6-Trichlorobenzoic 

: 8-Dichlorophenylacetic 

: HB e meN anes broad 

: 8 : 6-Trichlorophenylacetic 

: 8-Dichlorophenoxyacetic 

: 6-Dichlorophenoxyacetic 

: 83 : 6-Trichlorophenoxyacetic 
: 4-Dichlorophenoxyacetic 
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* The responses obtained in all tests were assessed after a 24- i ' pede may 
gures in 
In the pea curvature test, activity was assessed using a scale from 0 (inactive) to 6 (highly active). . 


~ ope as a percentage of the final length of control segments. 
eve. 


riod. In the wheat cylinder and pea segment tests, activity 
ics are significantly different from controls at the 0- ry per cent 


t All compounds were examined at the stated concentration of the acid in the form of its sodium sal 


The marked activity of these three phenylacetic 
acids in our laboratory tests prompted us to investi- 
gate their effect on weed and crop plants. The results 
of experiments carried out to date indicate that all 
show selective herbicidal activity, and that the 
2:3- and 2:3: 6-derivatives are as effective as 
2:4D in controlling many weed species. Further 
investigations on the herbicidal properties of these 
compounds and their effect on crop plants would 
appear to be warranted. 

Mary B. Pysus 
R. L. Wain 
F. WIGHTMAN 

Wye College 

(University of London), 
Near Ashford, 
Kent. 
Sept. 20. 

1Zimmerman, P. W., and Hitchcock, A. E., Contr. Boyce Thompson 
Inst., 12, - (1942). Bentley, 5. A 
Le F., and Bishop, J. 

Muir, R. Me and Hansch, C., Plan 

Thimann, K. V., Plant Physiol., £7, 392 (1982). Wain, R. L., 
Wightman, F., "Ann. App. Biol., 40, 244 (1953). Toothiil, 
Wain, R. L. ., and Wightman, F., ‘Ann. App. Biol., 44, 547 (1 1956 Js 

* Wain, R. L., Monograph No. 2, Royal Inst. Chem. ‘London (1953). 
Science Progress, 176, 604 (1956). Veldstra, H., “Ann. Rev. 
Plant Physiol.”, 4, 151 (1953). 

* Pybus, M. B., Ph.D. thesis, University of London (1958). 

‘ Leaper, J. M. F., and Bishop, J. R., Bot. Gaz., 112,250 (1951). Wain, 
R. i and Wightman, f3 Ann. ‘ADD. Biol. 40, 244 (1953). Pybus, 
M. B., Smith, M. 8., n, R. L., and Wightman, F., Ann. A 
Biol. (in the press). 

a. A. _ Nature, tog 449 (1950). Muir, 7 M.,and Hansch, C., 

Plant > 26, (1951). Veldstra, , Ree. ab 3g Chim. “ss 

2 15 rss. Pres, c B., Smith, M E . L., and 

Wightman, F., Ann. App. Biol. (in the press). 
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Relationship between the Presence 
of Fungal Spores and a Test for 
Hepatotoxic Grass 


FoLLOwING warm autumn rains after summers of 
above-average temperatures, rapidly growing pastures 
in some districts of New Zealand are capable of 
producing an hepatotoxin causing serious losses in 
sheep and cattle. A minority of the affected animals 
exhibit the clinical symptoms described as ‘facial 
eczema’?, 

When heat-dried pasture samples containing the 
toxin are fed for 35 days, guinea pigs show liver 
damage. Using this tedious bio-assay technique, 
White* has been able to prepare extracts containing 
the toxin, but progress has been delayed through the 
lack of a specific chemical test. Recently, White? 
isolated a substance containing a major component 
of m.p. 260° C., and this has formed the basis of the 
80-called ‘beaker test’, a 4 hr. routine acetone extract 


procedure‘. The occurrence of this substance in 
pasture samples, highest yield being 1 in 50,000 of 
dry weight of pasture, has been correlated with toxi- 
city by Perrin and Sandos*® and Clare and Sandos‘. 
In spite of a good correlation, there is no evidence 
for chemical alliance between the ‘beaker test’ 
substance and the toxin. The purpose of this 
communication is to record the presence of fungal 
spores on pasture samples giving positive ‘beaker 
tests’. 

The original ‘beaker test’—toxicity relationship was 
established from pasture samples obtained from the 
Claudelands Show Ground, Hamilton. Recently, on 
March 13, 1958, a positive ‘beaker test’ was obtained 
from pasture cut from this same area, and on March 15 
fungal mycelia were observed on and about dead 
leaves and leaf bases of grasses. Direct isolation of 
hyphe for growth on culture media showed that a 
species of Sporidesmium, identified by the Common- 
wealth Mycological Institute, Kew, as S. bakeri Syd. 
(Herb. I.M.I. No. 74473), was present in all samples 
examined. Other fungi isolated included a species of 
Fusarium and members of the Mucorales. On March 
24, dark brown spore masses, consisting mainly of 
Sporidesmium spores, were observed on a gang- 
mower used to cut the Claudelands area. This 
material gave a positive ‘beaker test’. Other samples 
of less pure spore material scraped from the mower 
were also found to give positive ‘beaker tests’, with 
the major component of m.p. 260°C. present at a 
level of 1 : 5,000. 

Various strains of S. bakeri obtained from samples 
of mycelia on grass collected on March 15 were then 
grown on various media and a high sporing strain 
on particular media gave positive ‘beaker tests’. 
Pasture samples collected daily between March 13 
and 19 which had been dried were afterwards fed 
to guinea pigs. These tests showed that the toxin 
was present in the grass on March 15 and in the 
samples cut on each of the other days of this period. 

Past work in which samples of toxic pasture have 
been dissected into dead and green portions has 
shown that stronger ‘beaker tests’ have been obtained 
from the dead material but that the toxin was present 
mainly in the green material. Positive ‘beaker tests’ 
have sometimes been obtained at intervals ranging 
from 0 to 14 days, before toxicity appeared, and 
pastures have produced positive ‘beaker tests’ for 
several weeks after the disappearance of the toxin. 
From this it will be clear that not all samples giving 
a positive ‘beaker test’ contain the toxin. However, 
it is only rarely that the toxin is found in samples 
not giving a positive ‘beaker test’. 
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Recently a pure perennial ryegrass pasture at 
Palmerston North has caused facial eczema in sheep. 
Samples of these pastures supplied by Butler? have 
proved positive to the ‘beaker test’, and it is of 
considerable interest that direct microscopical exam- 
ination of the surface of these leaves confirmed the 
presence of many Sporidesmium spores. A culture 
of S. bakeri has since been obtained from this material 
by direct hyphz isolation. 
These observations indicate that the substance 
giving the ‘beaker test’ reaction is contained in the 
spores of S. bakeri. E. P. White (personal communica- 
tion) has confirmed this by isolation of the material 
with m.p. 260°C. in an impure state from cultured 
spores. An investigation is being carried out to 
determine whether this fungus also produces the 
toxin. 
J. C. PERCIVAL 

Ruakura Animal Research Station, 

Department of Agriculture, 
Hamilton. 
R. H. THORNTON 
Biology Division, 
Soil Bureau, 
Department of Scientific and 
Industrial Research, 
Wellington, New Zealand. Aug. 6. 


* Cunningham, I. J., Hopkirk, C. 8. M., and Filmer, J. F., N.Z. J. Sci. 
Tech., 24A, 185 (1942). 

* White, E. P., N.Z. J. Agric. Res. (in the press). 

* White, E. P., N.Z. J. Agric. Res. (in the press). 

* Sandos, J., White, E. P., and Clare, N. T. (to be published). 

* Perrin, D. D., and Sandos, J. (to be published). 

* Clare, N. T., and Sandos, J. (to be published). 

* Butler, G. W., Proc. M.A.C. Sheep Farming Annual (1958). 


Composition of the Nucleic Acids of 
Some Algae 


As part of a study on the chemical composition of 
algae’, the composition of the nucleic acids of various 
algae was investigated in order to determine whether 
there were differences between different groups of 
marine and freshwater forms. The following algae 


were studied: the freshwater diatoms Navicula 
pelliculosa (Bréb.) Hilse and Nitzschia palea (Kiitz.) 
W. Sm.; the marine diatom Cylindrotheca gracilis 
(Bréb.) Grun.; the freshwater blue-green alga 
Anacystis nidulans (Richt.) Dr. and Daily ; and the 
freshwater green alga Chlorella pyrenoidosa Chick. 

The algae were grown in sterile culture. The flasks, 
containing 1-5 1. of suitable medium, were kept in a 
temperature-controlled room and illuminated from 
below with daylight fluorescent light. The algae 
were harvested every ten days to two weeks by centri- 
fugation. Navicula pelliculosa and Nitzschia palea 
were grown at 22°C. in modified Chu 14 medium’, 
illuminated intermittently and aerated. Cylindrotheca 
gracilis was grown in sea-water with a salinity of 
17,000 p.p.m. with the addition of Ketchum and 
Redfield’s medium*; a mixture of air and 2-5 per 
cent carbon dioxide was bubbled through the flasks. 
Chlorella pyrenoidosa was grown in modified Bristol’s 
solution‘, illuminated continually and aerated with 
the air-carbon dioxide mixture. Anacystis nidulans 
was grown at 36°C. in Kratz and Meyers’s medium‘, 
contirually illuminated and aerated with the air- 
carbon dioxide mixture. 

For the isolation of the nucleic acids and their 
separation into ribonucleic acid and deoxyribonucleic 
acid, the method of Ogur and Rosen* was used. 
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Ultra-violet absorption spectra of all fractions were 
determined, and paper partition chromatograms 
were prepared. The most successful solvents were 
acidic butyl and propyl alcohol mixtures (n-butyl 
alcohol 77: formic acid 10: distilled water 13; 
or iso-propyl alcohol 68: concentrated hydrochloric 
acid 17-5: distilled water 14-5). Ribonucleic acid 
and deoxyribonucleic acid were hydrolysed with 
3 N perchloric acid for 1} hr. at 100°C. After de- 
termining their ultra-violet absorption curves, the 
hydrolysed samples were cooled in an _ice-bath, 
neutralized with an ice-cold saturated solution of 
potassium hydroxide, filtered to eliminate the potas- 
sium perchlorate, concentrated in vacuo, and chrom- 
atographed. The purines and pyrimidines were 
eluted with 0-1.N hydrochloric acid according to 
Wyatt’, and their amounts determined spectro- 
photometrically. 

Repeated isolations and determinations of the ultra- 
violet absorption spectra of ribonucleic acid and 
deoxyribonucleic acid from all the organisms men- 
tioned above showed no significant variations from 
the typical preparations of these acids from other 
sources. Samples of ribonucleic acid from all organ- 
isms showed the presence of the following purines 
and pyrimidines: cytosine, uracil, adenine and 
guanine. Cytosine, thymine, adenine and guanine 
were found in deoxyribonucleic acid. 5-Methyl- 
cytosine could not be detected in any of the algae 
studied. The quantitative data on the deoxyribo- 
nucleic acid from the algae were determined on the 
basis of millilitres of packed cells used. Although 
this is not an entirely accurate and reproducible 
unit, it is adequate for the determinations of the 
ratios of adenine/thymine, guanine/cytosine and 
purine/pyrimidine as previously determined by 
Wyatt for insect viruses*. The ratios varied from 
1-01 to 1-10 for adenine/thymine, from 0-99 to 1-06 
for guanine/cytosine, and from 1-01 to 1-09 for 
purine/pyrimidine (Table 1). 
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Table 1 





Molar ratios in deoxyribonucleic acid 


Adenine Purine 
Thymine Pyrimidine 


Navicula pelliculosa c 1-06 
Nitzschia palea ‘ 0-99 
Cylindrotheca gracilis . 1-00 
Anzcystis nidulans S 1-08 
Chlorella pyrenoidosa ° 1-08 





Guanine 
Cytosine 


Organism 























I am indebted to the Office of Naval Research, 
U.S. Navy, and to the American Philosophical Society 
for their generous support of this work ; to Dr. Ruth 
Patrick, curator of the Department of Limnology 
of the Academy of Natural Sciences of Philadelphia 
for her assistance and advice, and to Dr. Richard C. 
Starr of Indiana University for supplying a culture 
of Anacystis nidulans. 

Eva M. Low 
Department of Limnology, 
Academy of Natural Sciences, 
Philadelphia 4. 
1 Low, E. N., Sears Found. J. Mar. Res., 14, 199 (1955). 
? Chu, 8. P., J. Ecol., 80 (2), 284 (1942), 


* Ketchum, B. H., and Redfield, A. C., Biol. Bull. Woods Hole, 75, 
105 (1938). 


‘ Bold, H. C., Bull. Torrey Bot. Club, 76, 101 (1949). 

5 Kratz, W. A., and Myers, J., Amer. J. Bot., 42, 282 (1955). 
* Ogur, M., and Rosen, G., Arch. Biochem., 25, 602 (1950). 

’ Wyatt, G. R., Biochem. J., 48, 584 (1951). 
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Effect of Giberellic Acid on Leaf 
Form 


RECENT reports!»? show that gibberellic acid affects 
the production of the juvenile or adult leaf form in 
plants. In the course of a study of the effect of 
physiologically active substances on heteroblastic 
development in Ipomoea caerulea, plants have been 
treated with various substances, including gibberellic 
acid. The observations so far made may be of interest 
in considering the effect of this substance on leaf 
form in other plants. 

The substances used have been applied as drops 
(0-01 ml.) of aqueous solution on the cotyledons of 
4-5 day-old seedlings. Indole-3-acetic acid, 2-4-di- 
chlorophenoxyacetic acid, «a-naphthylacetic acid, 
2,3,5-triiodobenzoic acid and gibberellic acid have 
been applied in this way. The amount of substance 
applied was usually 10 uygm., except in the case of 
2,4-dichlorophenoxyacetic acid, which was toxic in 
amounts greater than 5 ugm., and indole-3-acetic acid, 
which showed no appreciable effects unless applied 
in amounts of up to 50 ugm. As can be seen from 
Fig. 1 all these substances caused a delay in the 
change from the juvenile stage in which the leaves 
are entire (leaf shape index 1) or of low shape index 
(measured as described in previous work?®), to the 
adult stage in which the leaves are tri-lobed and have 
a high shape index. 2,3,5-Triiodobenzoic and 
gibberellic acids, especially the latter, have par- 
ticularly marked effects. This effect of gibberellic 
acid in maintaining the juvenile stage is similar to 
its effect on Hedera reported by Robbins‘, but in 
Hedera it is the juvenile leaf that is lobed while the 
adult form is entire, the reverse being the case in 
Ipomoea. In Eucalyptus, on the other hand, gibberellic 
acid produces the leaf-form characteristic of the adult 
plant?. The mechanism by which gibberellic acid 
produces these varying effects on leaf form is not 
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Fig. 1. The effect of various substances on leaf shape in Ipomoea 
caerulea, @, control; O...0O,_ indole-3 racetie. acid, 
50 wgm.; O——O, a-naphthylacetic acid, 10 yam. 5 @...0, 
dichtorophenoxyacetie acid, 0 7 o——O, 2,3, 5-triiodo- 
benzoic acid, 10 ywgm.; Oo. a ‘gibberellic acid, 10 wgm.— 


yet clear. Brian‘ has suggested a possible. mechanism 
of gibberellic acid action on flowering and germina- 
tion. 

Further experiments with 2,3,5-triiodobenzoic and 
gibberellic acids have shown that, associated with 
their effects on leaf-form, are other changes in the 
growth pattern of treated plants. Both substances 
have a pronounced effect on internode-length, which 
is considerably increased (Fig. 2). The effect. of 
gibberellic acid is, however, reversed at the higher 
internodes so that the height of the treated plants 
after four weeks growth is about the same as that of 
the control plants. This compensatory effect is similar 
to that observed by other workers and discussed by 
Humphries’. Dry-weight determinations made a 
week after treatment show that there are also changes 
in the distribution of growth between various organs 
(Table 1). Both substances have a stimulatory effect 
on shoot growth as shown by increased leaf production 
and increased stem and leaf weights. There is little 
or no effect on root growth, with the result that the 
root weight is a smaller percentage of total weight in 
treated plants. More work is required to show whether 
the change in root ratio is of fundamental importance 
in explaining the effect on leaf form. It is known 
that under conditions of shade when the juvenile 
leaf form is maintained the root ratio is low. Greater 
shoot growth and increased leaf production are also 








Pig. 2 





























Table 1. THE EFFECT OF GIBBERELLIC ACID ON GROWTH IN 
Ipomoea caerulea 

Leaf | Stem | Root | Total | Root 
weight | weight | weight | weight | weight | No. of 
Treatment mgm./ | mgm./ | mgm./ | mgm./ | as per} leaves 

plant | plant | plant | plant | cent of 

0 al. s ry ‘Y 4 rm i total 
0 1 2 8 4 5 6 7 8 9 10 Control 65-9 140 16-1 96-0 17-02 2-17 
TIBA 10 wgm. | 70-9 19-3* 15-0 | 105-2 | 14-64 2-42 
Internodes, numbered from base GA 10 ugm. 95-8* | 22-6* 19-0 | 137-5* | 13-89 2-67 

The effect of 2.8, ,5-triiodobenzoic and gibberellic acids on 
n caerulea. 


internode. length i @—e, control; 


pomoea 
O, 2,3 vb-teliodobensoleactd, 10 ugm.; O©——O, gibverellic 
acid, 10 ygm. 








* Significant at P = 0-05. 
TIBA, 2,3,5-triiodobenzoic acid; GA, gibberellic acid 





1098 


associated with the juvenile leaf form in Ipomoea, 
Allsopp’, discussing the effect of growth substances 
on heteroblastic development, suggests that the 
mechanism of the action of these substances in delay- 
ing the onset of the adult leaf form is through their 
effect in diverting nutrients from the apex to other 
organs thereby producing changes in the shoot—root 
ratio, generally inhibiting growth and depressing the 
activity of the apex. In Ipomoea, however, both 
2,3,5-triiodobenzoic acid and gibberellic acid treat- 
ment increase shoot growth and leaf production, 
indicating increased rather than decreased activity of 
the apex. But there is a relative depression of root 
growth. Whether this reduced root growth has a 
causal relation to leaf form, for example, by bringing 
about a deficiency of phyllocaline or some other 
substance produced by the roots as suggested by 
Audus*, requires further investigation. 
E. Nsoxu 
Botany Department, 
University College, 
Ibadan, Nigeria. 
July 30. 


2 Robbins, W. J., Amer. J. Bot., 44, 743 (1957). 

* Scurfield, G., and Moore, G. W. E., Nature, 181, 1276 (1958). 

* Njoku, E., New Phytol., 55, 91 (1956). 

* Brian, P. W., Nature, 181, 1122 (1958). 

* Humphries, E. C., Nature, 181, 1081 (1958). 

* Njoku, E., New Phytol., 56, 154 (1957). 

* Allsopp, A., Nature, 178, 1032 (1954). 

* Audus, L. J., “Plant Growth Substances”, 321 (London, 1953). 


Occurrence of Gibberellin-like Substances 
in the Coconut 


Coconut milk contains substances which promote 
the growth of plant tissue cultures and isolated 
embryos. Some of these have been isolated! * and 
one has been shown to be | : 3-diphenylurea*. Mauney 
et al.t have found a growth-factor which is mainly 
in the flesh of the coconut. 

Substances which are physiologically gibberellin- 
like, in so far as they promote increased growth of 
genetic dwarfs of some plants, have been found in 
the immature seeds of a number of species of plant’. 
One of these has been identified® as gibberellin A. 
Experiments are described below which indicate that 
gibberellin-like substances occur in milk, flesh and 
embryos of the coconut. The growth-promoting 
properties of coconut milk may well be in part due 
to such materials. 

Coconut milk was acidified to pH 2-5 and was 
stirred with activated carbon (20 gm./l.). The carbon 
was eluted with 70 per cent acetone. The acetone was 
then distilled off in vacuo, and the aqueous residue 
acidified and extracted with ethyl acetate. The 
ethyl acetate was dried and distilled off, and the residue 
was dissolved in ethanol and spotted on chromato- 
graphy paper. Chromatograms were run in the 
following solvent system: chloroform/water/ethanol/ 
formic acid (20:2:4:1). A chromatogram run from 
one spot was tested for gibberellin-like activity by 
the use of the wheat leaf section test’. Using this as 
a guide, the presumed active part of the main 
chromatogram was eluted with water and this was 
extracted with ethyl acetate. The eluate was con- 
centrated and applied to the leaves of intact dwarf 
peas in ethanol. 

The solid endosperm was macerated in a blendor 
with carbon tetrachloride to remove most of the oil. 
The solvent was filtered off, and the solid material 
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was extracted with ethanol at room temperature 
overnight. The endosperm was filtered and pressed, 
and the ethanol solution was distilled in vacuo. The 
aqueous residue was filtered, acidified to pH 2-5 and 
extracted with ethyl acetate. The acid fraction 
was removed with 1 per cent sodium bicarbonate 
solution, which was acidified and extracted with 
ethyl acetate. This was concentrated and chromato- 
grammed as in the case of the milk. In this experi- 
ment the whole chromatogram was eluted in two 
parts, as the activity appeared to be spread over a 
large area. 

The solidified coconut oil remaining when the 
carbon tetrachloride had been distilled off was stirred 
with water. The fat was filtered off after chilling. 
The water was then treated in the same way as the 
aqueous residue in the experiment described above. 

Embryos found in some of the coconuts were 
extracted like the solid endosperm. 

Table 1. GROWTH-RATE OF ‘METEOR’ PEA SERDLINGS EXPRESSED AS 


PERCENTAGE OF THAT OF UNTREATED SEEDLINGS, AFTER APPLICATION 
OF EXTRACTS OF COCONUTS 





Fresh weight 
equiv. (gm.) 
of extract 
applied to 
each test 
plant 


Substance 


Days 
extracted after treatment 





2-5 5-9 9-12 12-16 
457 814 256 219 200 

0-3 3-6 6-10 10-14 
166 307 309 184 





Ezp.3 0-3 3-6 6-11 11-14 
Milk 188* 225 220 109 














* ml. of coconut milk. 


The results given in Table 1 show that gibberellin- 
like activity was found in all parts of the coconut. 
The activity of the milk extracts cannot be directly 
compared with that from the meat, as a different 
sample of nuts was used. The activity of the extract 
of the embryos was remarkably high and needs to 
be confirmed ; this will be done when more coconut 
embryos are available. The nuts used in these 
experiments were fairly mature with a high proportion 
of solid to liquid endosperm. It is possible that 
younger nuts would contain more gibberellin-like 
activity, for whereas the embryos seem to contain 
an amount of gibberellin-like substances of the same 
order as young bean seeds*, the endosperm contains 
much less, while in bean seeds the activity is dis- 
tributed more or less evenly through all the tissues 
of the seed’. 

MARGARET RADLEY 
Enrp DEAR 
Imperial Chemical Industries, Ltd., 
Akers Research Laboratories, 
Welwyn, Hertfordshire. 


1 Schantz, E. M., and Steward, F. C., J. Amer. Chem. Soc., 74, 6133 
(1952). 

* Duhamet, L., and Mentzer, C., C.R. Acad. Sci., Paris, 241, 86 (1955). 

s gos Na M., and Steward, F. ©., J. Amer. Chem. Soc., 77, 6351 
1 ° 

*Mauney, J. R., Hillman, 
R., A., and Strong, F. M. : Phi 


. S., Miller, C. O., gy ey Clayton, 
ysiol, Piant., 5, 485 (19 


es ~ uh B. 0., West, C. A., Ritzel, Mary, and Neely, ry M, Proc. 
Acad, Si Sci., 43, 398 (1957). 

asaain, J., and Suter, P. J., Naturwiss., 45, 46 (1958). 

7 Radley, M., ‘Anan. Bot., 22, 297 (1958). 
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Nitrate Content of some Grass Species 
and Strains 


In the course of an investigation into possible 
sources Of error in the determination of crude protein 
in herbage by the conventional method, a number of 
determinations of nitrate nitrogen were made. It is 
customary in this laboratory to use a reference herb- 
age sample as a check in the routine. The nitrate 
nitrogen in this was determined first and found to 
be approximately 0-1 per cent. The reference sample 
is bulked from a large number of herbage samples, 
mainly grass, which pass through this laboratory. A 
nitrate content of this magnitude is therefore an 
average figure for several hundred samples and 
implies that some of the herbage which contributed to 
the reference sample may have contained consider- 
able (possibly even nutritionally unacceptable) 
amounts of nitrate nitrogen. 

Several grass samples which might be expected 
to show extreme amounts of nitrate nitrogen were 
selected for determination from an experiment in 
which eight species and strains of grasses grown as 
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spaced single plants and in swards had been heavily 
manured with nitrogen. Samples were taken of the 
growth at successive dates for nitrate nitrogen 
determination. The results are given in Table 1. 
It is to be noted that the figures for each date represent 
the composition of the total growth of the herbage 
up to that date and not of regrowth after successive 
cuts. 

Since an accumulation of mineral nitrogen must 
be regarded as being in excess of the plant’s immediate 
needs or ability to use, the generally higher nitrate 
content of the spaced single plants is to be expected, 
as there would be less inter-plant competition for 
nitrogen than in the swards ; the single plant plots 
had received the same dressing of nitrogen per unit 
area as the swards. It will be seen also that their 
total nitrogen, without exception, is substantially 
higher. 

At the fourth and fifth dates of cutting the sward 
plants show nitrate contents similar to those of the 
spaced plants at the same dates. The fourth cutting 
date was only eight days after a dressing of nitro 
chalk, but at the fifth date, a fortnight later, there 


Table 1. SHOWING CRUDE PROTBIN, TRUE PROTEIN, AND MINERAL NITRATE NITROGEN ON MANURED SWARDS AND SINGLE PLANTS 
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was still a substantial residue of nitrate. The effect 
of the manurial dressing on the nitrate nitrogen of 
the swards is greater at the fourth and fifth dates 
than at the second and third, presumably owing to 
the slower growth and decreased metabolism of 
nitrogen at the later dates, which fell in a rather 
dry period, having only 0-92 in. of rain between 
June 10 and July 7, 1957. This is consistent with the 
finding of Ferguson and Terry’ that applications of 
nitrogen late in the growing season resulted in 
increased amounts of nitrate nitrogen in the herbage. 

It is to be noted from the results that a high total 
nitrogen is not necessarily a prerequisite for a high 
nitrate nitrogen content. A high nitrate, however, 
seems to be associated with a generally lower pro- 
portion of true protein nitrogen to total nitrogen. 

The main interest of the present results, however, 
lies in the species and strain differences. In the 
spaced single plants, S23 perennial ryegrass and 
8143 cocksfoot are almost without exception con- 
siderably higher in nitrate than the remaining grasses. 
In the swards, however, S24 ryegrass has a con- 
siderably higher nitrate content than $23, while S143 
cocksfoot no longer heads the list and in the last two 
cuts of the swards has actually the lowest nitrate 
content. 

No attempt is made at this stage to offer any 
explanation of these species and strain differences in 
nitrate accumulation. The investigation continues 
and the results will be published elsewhere in due 
course. 

Acknowledgment is made to Mr. LI. Iorwerth 
Jones, who provided the material for analysis from a 
field experiment at this Station. 

G. ap GRIFFITH 


Welsh Plant Breeding Station, 
Aberystwyth. 
July 29. 
1 Ferguson, W. S., and Terry, R. A., J. Agric. Sci., 48, 149 (1956). 


A Direct-Plating Method for the Assay 
of Radioactive Isotopes in Aqueous and 
Alcoholic Samples 


In the course of a programme of work on the 
determination of residué levels of y-2 : 4-dichloro- 
phenoxybutyric acid and related compounds in 
plants, the results of which will be reported in the 
Proceedings of the British Weed Control Conference, 
1958, a rapid method was required for the radio- 
chemical assay of non-volatile compounds labelled 
with carbon-14 contained in aqueous and alcoholic 
solutions. 

A method for plating aqueous samples in which 
the compound to be assayed is incorporated into a 
film of dry agar has been published by McCready?. 
We are grateful to Dr. McCready for having described 
to one of us (H. C.) the basic principles of his method 
before publication. A modification of the method 
has proved to be free from complications due to 
coagulation of the agar when alcoholic solutions are 
to be assayed and a sample can be prepared for 
counting within 20 min. The precision, although not 
as high as that obtained by McCready, is adequate 
for many purposes, and this limitation is offset by 
the speed and convenience with which samples can 
be prepared for counting. 

A measured volume of 0-1 per cent aqueous solution 
of agar is pipetted on to a planchette which has been 
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washed with carbon tetrachloride. An equal volume 
of the aqueous or alcoholic solution of the sample 
to be counted is added and mixed by stirring with a 
fine wire. It is convenient to take a volume of 0-1 ml. 
of each solution when using a planchette 15 mm. 
in diameter and 2 mm. deep. The planchette is then 
placed on a hot plate at about 60° C. and allowed to 
dry ; the thin film should be invisible. 

When an end-window Geiger—Miiller tube type 
EW.3H (20th Century Electronics, Ltd.) was used 
the count-rate per ugm. given by a sample of an 
organic acid of molecular weight 217 labelled with 
carbon-14 at specific activity of 0-46 mc./m.mole was 
235 ¢.p.m. above background, that is, the counting 
efficiency was about 5 per cent. The precision of 
the method, tested by carrying out ten replicate 
determinations on samples of a solution containing 
carbon-14, was -+- 1-5 per cent under conditions where 
the statistical variation in counting should not have 
exceeded + 0-6 per cent. 

We thank Miss G. Mansfield for carrying out 
thorough independent tests of the technique, and the 
Directors of Messrs. May and Baker, Ltd., for 
permission to publish. 


VoL. 182 


H. CAMPBELL 
H. A. GLASTONBURY 
MarGaret D. STEVENSON 


The Research Laboratories, 
May and Baker, Ltd., 
Dagenham, Essex. 

Aug. 13. 

2 McCready, C. C., Nature, 181, 1406 (1958). 


Relationship of Serological Reactivity to 
Antibody Molecular Weight 


In recent years information has been obtained 
concerning the molecular weight of antibody in 
relation to specific serological reactivity. Deutsch 
and Chan! found that human A and B ‘soagglutinins 
have molecular weight near 1,000,000. Paic* reported 
that rabbit anti-sheep hemolysin had a minimum 
molecular weight of 420,000. More recently, Talmage 
et al.* found that the hemolytic activity of rabbit 
anti-sheep hemolysin was associated with antibodies 
of two distinct molecular weights. The bulk of the 
hemolytic activity was associated with a high 
molecular weight antibody of greater hemolytic 
efficiency and in addition a low molecular weight 
antibody of lower hemolytic efficiency. Johnson 
et al.* reported that rabbit anti-human hemolysin, 
in contrast to rabbit anti-sheep hemolysin, has a 
molecular weight in the region of 160,000. We 
observed that human anti-A and rabbit anti-human 
hemolysin had the same complement-fixing capacity 
(the amount of complement capable of being fixed), 
while rabbit anti-sheep hemolysin had a complement- 
fixing capacity 3-4 times lower. 

On the basis of the above information and the 
comparison of the sedimentation characteristics of 
the agglutinin, hemolysin and complement-fixing 
activities of human anti-A, rabbit anti-human and 
rabbit anti-sheep erythrocyte antibodies, we wished 
to determine the association of serological reactivity 
to antibody molecular weight. 

Centrifugation was carried out in a ‘Spinco’ Model 
E ultracentrifuge. The sera were initially diluted 
1:4 with veronal buffered saline pH 7-4. 11 ml. 
of the diluted serum was centrifuged 200 min. in 
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an average field of 102,750g. Fractions were taken 
from the top, middle and bottom of the tube in 4, 4, 
and 3 ml. amounts. The agglutinin, hemolysin 
(Ho units/ml.) and complement-fixing (C’F,, units/ 
ml.) titres were determined as previously described®.*. 

The results presented in Table 1 indicated that : 
(1) There was an association of hemolysin and com- 
plement-fixing activities with antibodies of similar 
molecular weight, in human anti-A and rabbit anti- 
human serums, as shown by the consistency of the 
ratio of H,,/C’F,, titres in the whole serum and the 
various fractions. (2) The H,./C’F. ratio of rabbit 
anti-sheep serum did not show this consistency and 
indicated a closer association of hemolytic activity 
with higher molecular weight antibodies and comple- 
ment-fixing activity with lower molecular weight 
antibodies. (3) Both hemolysin and complement- 
fixing activities of human anti-A serum appear to be 
attributable to antibodies of low molecular weight, 
as judged by the similarity in the relative hemolytic 
activity of the fractions of rabbit anti-human serum 
which has been found to be of low molecular weight‘. 
(4) The hemolytic activity of human anti-A anti- 
bodies which cross-react with sheep cells were of very 
high molecular weight, as shown by the fact that 70 
per cent of this antibody was found in the bottom 
fraction. (5) The comparison of the relative agglu- 
tinin activity in the fractions of each serum indicated 
that this activity in all three serums was associated 
with antibodies of high molecular weight. 


Table 1. RELATIVE ANTIBODY ACTIVITY IN ULTRACENTRIFUGE 
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FRACTIONS 
| Titres Ratio: | lative activity 
Cal | Heol | ero 
Fraction | Agglu. | H,;,./ml.| ml. C’F so ‘Agglu.| Hy C’Feo 
Human anti-A and A cells 
Whole 128 58 5-2 11 _- a — 
Top 32 2°4 2-1 1-1 1 10 1:0 
Middle 64 4:8 45 1-1 2 20 2-1 
Bottom 256 10-5 9-3 1-1 8 4-4 4-4 
Rabbit anti-human and human cells 
Whole 256 31-8 53-7 0-59 — —_ — 
Top 128 11-2 20°8 0-54 1 10 1:0 
Middle 256 23-0 42-1 0-55 2 21 2-0 
Bottom {1,024 52-6 93-3 0 56 8 47 46 
Rabbit anti-sheep and sheep cells 
Whole 128 :940° 435 68 -- — 
Top 82 926 175 5:3 1 10 1-0 
Middle 64 1,850 328 5-6 2 20 19 
Bottom 256 6,190 910 76 8 75 52 
Cross-reaction of human anti-A and sheep cells 

Whole 16-0 
Top 1 
Middle 6-1 
Bottom 42-0 











| 





The complement-fixing activity of rabbit anti-sheep 
serum was associated with antibody of low molecular 
weight, unlike the bulk of the hemolytic activity, 
which was represented by high molecular weight 
antibody. However, a comparison of the comple- 
ment-fixing capacity of these fractions showed no 
change in the amount of complement capable of being 
fixed by the various fractions in spite of differences 
in the ratio of high and low molecular weight anti- 
bodies occurring in the fractions. 

In contrast to the normal human isoagglutinins 
and similar to the human ‘incomplete’ Rh antibodies’, 
human isohemolytic and complement-fixing activities 
were associated with antibodies of low molecular 
Weight. The serological reactivity of rabbit anti- 
human serum was quite similar: agglutinin activity 
was associated with high molecular weight antibody 
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and hemolysin and complement-fixing activities 
were associated with lower molecular weight antibody. 
Haroitp §. GoopMan 
Mount Sinai Medical Research Foundation, 
Chicago, Illinois. 
Aug. 11. 
1 Deutsch, H. F., and Chan, P. C. Y., Fed. Proc., 17, 210 (1958). 
2 Paic, M., Bull. Soc. Chim. Biol., 21, 412 (1939). 
* Talmage, D. W., Freter, G. G., and Taliaferro, W. H., J. Infect. Dis., 
98, 300 (1956). 
. Jomieat A., Woernley, D., and Pressman, D., J. Immunol., 79, 234 
5 Goodman, H. 8., J. Infect. Dis. (in the press). 
* Goodman, H. 8., J. Immunol. (in the press). 


Further 6-Globulin Phenotypes in Sheep 


In a preliminary communication eight sheep 
B-globulin types were described’. This number has 
now been increased partly by recognition of the fact 
that the two strongly staining zones C and D can be 
resolved into a third zone, and partly by the discovery 
of further types during examination of five hundred 
samples of sheep serum from Chelmsford abattoir. 

The fourteen phenotypes which have been found 
so far (Fig. 1) probably represent the ten heterozy- 
gotes, and four of the five homozygotes of five 
8-globulin alleles, sheep 84, 62, BY, BP and BF. 

In keeping with the phenotype nomenclature 
suggested for the cattle* and goat® 8-globulin systems, 
the phenotypes have been named sheep 644, B47 , . , 
BEE, representing the individual genotypes 64/G4, 
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Fig. 1. Fourteen sheep £-globulin phenotypes. The illustration 

shows the -globulin region of seven starch-gel electropher . 

each gel carrying three sera, The phenotypes are, from left to. 

right on each gel, (a) 644, BBD, BAB; (b) BAC, BBD, BAD: (c) BABE, 

BBD, BBB: (d) | Bio, BBD, Ban: (0) p00, e0,poo: (f) how paD’ 

BDD; (g) DE, BBD, BAA, The trailing edge of the albumin zone. 
is shown at the top of gel (a) for orientation 
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64/BB, ... B£/R". So far the homozygote B#F has 
not been found. 

Each allele produces two zones in starch gel, an 
intensely staining zone preceded by a less intensely 
staining zone* (Fig. 1). In types involving com- 
binations of 82, B° and 82, the fainter zones are not 
seen because of the superimposition of the intensely 
staining zones. Distinction between the sheep 
8-globulin types is best made by reference to a BBD 
serum run on the same gel. 

120 different matings are possible with the five- 
allele system proposed. Some of the mating data 
obtained so far (from the Kerry Hill flock at the 
Farm Livestock Research Centre) is shown in Table 1. 


Table 1. £-GLOBULIN MATING Spey FROM EWES MATED WITH A 
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os * AB is equivalent to 642 and so on, 

Sheep exhibit the most complex example of §-globu- 
lin polymorphism found so far, although it is now 
known that @-globulin polymorphism in mammals is 
the rule rather than the exception. 

I thank K. F. Mitchell for his technical assistance. 
G. C. AsHton* 
The Animal Health Trust, 
Farm Livestock Research Centre, 
Lilystone Hall, 
Stock, Essex. 
Aug. 1. 

* Present address: Sheep Biology Laboratory, P.O. Box 144, 

Parramatta, N.S.W. 

+ Ashton, G. C., Nature, 181, 849 (1958). 

* Ashton, G. C., Nature, 182, 370 (1958). 

* Ashton, G. C., and McDougall, E. I., Nature (in the press). 


Hageman Factor in Plasma Foreign 
Surface Reactions 

PuasMa kinin' (originally named “pain-producing 
substance’’*) is a pain-producing and smooth muscle- 
contracting polypeptide which can be released from 
human blood plasma in a number of ways, including 
contact with glass and some other surfaces. The mech- 
anism of kinin release by contact has been resolved 
into two stages : in the first, ‘contact factor’ is formed 
from its precursor (‘component A’); in the second 
‘contact factor’ reacts with another constituent 
(‘component B’)**, 

Plasma can be freed of component B by rotating 
for 5 min. with 1/7-1/5 gm./ml. of glass ballotini 
(diameter 0-1 mm.) and then incubating in siliconed 
tubes for 2 hr. Such ‘B-depleted’ plasma does not 
release any kinin on contact with glass but can still 
form ‘contact factor’ which will liberate the kinin 
when mixed with untreated plasma. Further ex- 
posure |to 1 gm./ml. of ballotini for 30-60 min. 
exhausts the capacity of plasma to form the ‘contact 
factor’, presumably because its precursor (component 
A) has been used up}. 
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‘Contact factor’ cannot be produced in plasma 
deficient in Hageman factor‘, which is also essential 
for the initiation of clotting im vitro*5. On this 
ground and because of many other similarities with 
the changes involved in the inception of clotting, it 
was suggested that these two sets of phenomena are 
mediated by a common initial reaction!:*. 

In the present experiments it was found that 
although neither Hageman-deficient plasma nor 
plasma depleted of component A could form contact 
factor, a mixture of the two behaved like normal 
plasma. The mutal correction occurred only if 
the two plasmas were exposed to glass together, but 
not when they were exposed separately and mixed 
afterwards. It follows that component A is not 
identical with Hageman factor, and probably also 
that one of these components is active only when in 
actual contact with the surface. 

The following observations indicate that Hageman 
factor becomes activated by adsorption on to the 
glass surface and that it does not return into solution 
in the active form as was previously thought. When 
glass was treated with normal plasma, it acquired 
the ability to activate fully Hageman-deficient 
plasma. This property persisted after washing with 
ten or more changes of saline at pH 7-8. Prior 
treatment of glass with Hageman-deficient plasma 
had no such effect. The adsorbed substance could be 
eluted at pH 10-11 and, after addition of sufficient 
hydrochloric acid to lower the pH to about 8, could 
be transferred on to fresh glass. At the same time 
the glass which was washed in the alkaline solution 
lost its ability to react with Hageman-deficient 
plasma, but it could still activate normal plasma. 
Since the addition of the eluate (without glass) to 
normal plasma did not lead to kinin release, it appears 
that the adsorbed component (presumably Hageman 
factor) reverts to its precursor state when removed 
from the glass surface. 

Parallel observations were recorded on the be- 
haviour of Hageman factor in blood coagulation, in 
this case plasma thromboplastin antecedent taking 
part instead of component B in the corresponding 
stage of the reaction®. All the evidence thus leads 
to the conclusion that release of plasma kinin and 
initiation of clotting are connected through surface- 
adsorbed Hageman factor. The kinetics of the initial 
stages of kinin release and coagulation can be appre- 
ciated better if we think of Hageman factor activat- 
ing the glass surface rather than the other way 
round, 

Since the similarities between the two sets of 
phenomena can now be explained on this basis it 
is no longer necessary to postulate another connexion 
between them, although this is by no means excluded. 
In previous publications':* such a connexion was 
attributed to a common ‘contact factor’, which was 
implicitly defined as the first observable soluble pro- 
duct of the contact reaction. If this meaning is to 
be preserved then the precursor of ‘contact factor’ 
cannot be identified with Hageman factor but must 
be regarded rather as a substrate on which the latter 
acts. It is conceivable that there exist in plasma 
two or more ‘contact factor’ systems activated by 
the same initial reaction in which Hageman factor is 
the key component. 

The present conclusions are supported by the studies 
of Bangham et al.*, who showed that glass particles 
coated by plasma proteins exhibit marked changes 
in their electrophoretic mobility. Above pH 9 the 
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mobility tends to revert to that of uncoated 
glass, probably due to desorption of the adsorbed 
proteins. 

It is unlikely that Hageman factor is the only 
component of plasma which adheres to the glass, 
but it should be possible to make use of this property 
as a step towards its isolation. 

The full details of. this investigation will be pub- 
lished elsewhere. 

I wish to thank Prof. C. A. Keele for his valuable 
advice, Dr. R. M. Hardisty for samples of plasma, 
and Mr. F. J. Haydon and Miss B. Austin for tech- 
nical help. 

The work was pursued under tenure of an Australian 
and New Zealand Life Insurance Medical Research 
Fellowship. 


No. 4642 


J. MARGOLIS 


Pharmacology Department, 
Middlesex Hospital Medical School, 
London, W.1. 

Aug. 8. 


1 Margolis, J., J. Physiol. (in the press). 

* Armstrong, D., Jepson, J. B., Keele, C. A., and Stewart, J. W., 
J. Physiol., 185, 350 (1957). 

* Margolis, J., Nature, 180, 1464 (1957). 

‘ Ratnoff, O. D., and Colopy, J. E., J. Clin. Invest., 84, 602 (1955). 

* Biggs, R., Sharp, A. A., Margolis, J., Hardisty, R. M., Stewart, J. W.; 
and Davidson, W. M., Brit. J. Haematol., 4, 177 (1958). 

* Bangham, A. D., Pethica, B. A., and Seaman, G. V. F., Biochem. J., 
69, 12 (1958). 


A Rapid Method for separating Glomeruli 
from Rabbit Kidney 


In the course of investigations into the site at 
which renin is found in the kidney it became necessary 
quickly to separate glomeruli from other renal 
elements. Previous experiments on fat embolism 
had shown that in the kidney fat particles were 
restricted largely to glomeruli. It therefore seemed 
possible that if particles of the right size could be 
introduced into the renal circulation they would 
lodge in the glomeruli. This consideration, together 
with an early admiration for the experiment in which 
the function of the otocyst and otolith were demon- 
strated by inducing the crayfish (Palinurus) to use 
& particle of magnetic oxide of iron as an otolith, 
suggested that if the particles introduced into the 
renal circulation were magnetic it would be possible 
to separate the glomeruli with a magnet. This has 
been done. Since it can be done quickly and without 
much greater disturbance than is involved in mechan- 
ically disrupting the kidney, the method may be 
useful to others interested in locating enzymes in 
the kidney. 

_ Heparin (1,000 units) is injected intravenously 
ma rabbit. Five minutes later the animal is 
killed. After death the abdomen is opened and the 
renal arteries cannulated, care being taken to avoid 
introducing air bubbles. The cannule are connected 
to an infusion apparatus containing a freshly prepared 
warm (37° C.) suspension of magnetic oxide of iron 
m 0-9 per cent sodium chloride. The infusion is 
allowed to run in under a pressure of 120 mm. 
mercury until about 100 ml. has flowed through each 
kidney and the rate has greatly slowed. The kidneys 
are then excised and taken to a laboratory at 4° C. 
at once. The magnetic oxide of iron was prepared 


by the method of Baudisch and Welo (1925) in 
which 2-6 gm. sodium hydroxide and 20 gm. potas- 
sium nitrate dissolved in about 100 ml. of water 
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2 WAY 
TAP 





Fig. 1. Arrangement used for magnetic separation 

saturated with oxygen are poured into a solution of 
9 gm. ferrous sulphate in about 100 ml. of water and 
the mixture brought to the boil. The precipitate of 
magnetic oxide of iron is now particulate and is 
washed about ten times with water by decantation. 
It is kept in 0-9 per cent sodium chloride until it is 
needed. Just before the rabbit is heparinized the 
iron oxide suspension is added to a freshly prepared 
filtered warm solution of 7 per cent gum acacia in 
0-9 per cent sodium chloride, the concentration being 
about 50 mgm. dry oxide for 100 ml. solution. 

The kidneys are cut inte transverse sections about 
2 mm. thick. The glomeruli should be visible as 
black specks, and cleared sections show that the iron 
particles are largely restricted to the glomeruli, 
though some medullary vessels contain them. The 
cortex is now cut off with a razor blade, the resulting 
fragments of cortex are pressed through a 150-mesh 
sieve and the mush emerging on the other side 
suspended in isotonic physiological salt solution 
containing 2 gm. dextrose and 4:5 gm. sucrose 
per litre. Although in our work we have 
used this formula for physiological saline, Krebs’s 
solution would for most purposes be preferable. 
The suspension is centrifuged slowly (800 r.p.m.). 
The deposit is resuspended in fresh saline solution 
and again centrifuged. The deposit, again suspended 
in saline solution, is now poured slowly through 
a tube, or system of tubes, which at one point lies close 
to the pole of an electro-magnet consisting of 10 Ib. 
of 18 S.W.G. enamelled copper wire wound on a soft- 
iron core and connected to a 12-V. accumulator 
(Fig. 1). Attached to one pole of the magnet is a 
‘Perspex’ two-way tap (Fig. 1, right). The first 
separation is made by running the suspension 
through one system of tubes, physiological saline 
succeeding the suspension to carry away non-magnetic 
particles. Afterwards the tap is turned, the magnet 
switched off and the magnetic fraction now adhering 
to the ‘Perspex’ tap in apposition to the magnet washed 
off through the second system of tubes with physi- 
ological saline. The separation, using this system, is 
repeated two or three times. The final purification 
is made by running suspensions through a vertical 
tube, of which the centre section consists of a 
thin-walled rubber tube touching the other pole of 
the electro-magnet. After washing the adherent 
magnetic fraction with physiological saline, this 
section of tubing is removed and the glomeruli 
washed out. 

The magnetic and non-magnetic fractions so 
obtained are run past the magnet until examination 
under the microscope shows that all, or nearly all, 
the magnetic fraction consists of tissue containing 
iron, while the non-magnetic fraction contains none 
(Fig. 2). At this stage the magnetic fraction consists 
of glomeruli with or without attached fragments of 
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Fig. 2. Photographs ( x 80) of non- etic fraction on left and 
magnetic fraction onright. The magnetic fraction consistsentirely 
of glomeruli somteteing ‘sen oxide, some of the glomeruli having 
attached fragments. non-magnetic fraction consists mainly 


of tubules, though connective and tissue and a few 


vascular 
fragments of glomeruli without iron are present 


proximal tubules, macula densa and arterioles. By 
pouring this fraction through a 150-mesh sieve it may 
be separated into glomeruli without attachments, 
which pass through, and those with attachments, 
which remain on top. The non-magnetic fraction 
consists almost entirely of tubules, though there are 
often small fragments of glomeruli without iron as 
well as vascular and connective tissue. 

The method was devised to locate renin, for which 
it has proved helpful. We have also used it success- 
fully in the sheep and see no reason why it should 
not be applicable to other species. It is presented 
here in the hope that it may help those who are 
interested in the distribution of enzymes and other 
substances and who wish to decide whether they are 
found in glomeruli or tubules. 


W. F. Coox 
G. W. PIcKERING 


Department of the 
Regius Professor of Medicine, 
University of Oxford. 
July 29. 
* McEwen, L. M., J. Physiol., 181, 678 (1956). 


Maintenance of Oligotrich Protozoa from 
the Sheep Rumen in vitro 


Huneate! * successfully cultivated ciliate oligotrich 
protozoa from the rumen of cattle ; but Sugden* was 
unable to maintain protozoa from the sheep’s rumen 
alive for more than fifteen days. This communication 
describes the successful maintenance of these protozoa 
from the rumen of a single hay-fed Clun Forest 
sheep. 

The substrate consisted of 30 ml. quantities of 
autoclaved mineral salt solution to which was added : 
Na,S.9H,O to a final concentration of 0-01 per cent ; 
c. 15 mgm. finely ground dried grass (55° for 3 days) ; 
15 mgm. rice starch, added as a suspension of known 
concentration in water; chloramphenicol to a final 
concentration of 50 ygm./ml. and 3-0 ml. prepared 
rumen fluid. The final volume was c. 35 ml. The 
mineral salt solution contained per 100 ml. ; K,HPO,, 
0-63 gm.; KH,PO,, 0-49 gm.; NaCl, 0-063 gm. ; 

30,..7H,O, 0-009 gm.; CaCl,.6H,O, 0-009 gm. ; 
CH,COONa, 0-075 gm. The rumen fluid was taken 
from the same sheep as the original inoculum and 


prepared by centrifuging fresh crude rumen contents 
to remove protozoa followed by filtration through 
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Ford’s ‘Sterimat CC/01’. Tubes of completed medium 
were gassed vigorously with 95 per cent nitrogen + 
5 per cent carbon dioxide for 3 min. and stoppered 
immediately. 

The protozoa for inoculation were prepared from 
rumen contents taken 3-6 hr. after feeding. The 
crude material was strained through one layer of 
muslin, centrifuged for 2 min. at 500g and the pellet 
washed once on the centrifuge with the salt solution 
containing 0-01 per cent Na,S.9H,O. The protozoa 
were then suspended in the medium at 2-4 times 
their concentration in the rumen and the tubes 
gassed for 15 sec., stoppered immediately and 
incubated at 38°. In the initial stages of each 
experiment, it was beneficial to add 15 mgm. MgCO, 
levis to each tube, but when the organisms were 
growing uniformly this could be omitted. 

To maintain the organisms alive for more than 
36 hr., it was necessary each day to centrifuge down 
the protozoa at 500g for 2 min., remove the super- 
natant and replace this by fresh complete medium. 
To divide a culture, the protozoa suspended in the 
fresh medium were diluted with an equal volume of 
complete medium and the whole placed in two 
centrifuge tubes which were then gassed and sealed. 
The number of organisms present was estimated by 
diluting a sample of the culture eleven times with 
0-02 M iodine in potassium iodide and counting the 
protozoa present in 0-1 ml. 

After the initial inoculatija, the total number of 
organisms decreased and all the holotrich protozoa 
died before the fifth day. Thereafter, the number 
of oligotrich protozoa remained constant or slowly 
decreased for 2-8 weeks after which the numbers 
increased. When the number of organisms reached 
30,000 per ml. the culture was divided into fresh 
medium. The numbers increased until it was possible 
to divide the culture into fresh medium every 2-4 
days, and at the time of writing, the maximum 
number of such divisions was 40. A typical growth 
curve from this last period is shown in Fig. 1. 

The predominant types of organisms were mor- 
phologically similar to Entodinium caudatum and E. 
longinucleatum as described by Bhatia‘, but some 
similar to Metadinium medium and Entodinium 
simplex were also present, especially when the time 
between successive divisions exceeded 10 days. 

Under these conditions of growth, the omission from 
the medium of the rice starch or dried grass usually 
resulted in the death of the protozoa in less than 
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Fig. 1. Growth of oligotrich protozoa four months after the initial 
inoculation. The arrows indicate the times at which the culture 
was divided into an equal volume of fresh medium 
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3 or 10 days respectively, although, in the latter case, 
small numbers occasionally persisted for longer 
periods. When chloramphenicol or rumen fluid were 
omitted, the organisms grew normally for 3-4 days, 
but afterwards the numbers dropped to, and remained 
constant at, a low level. Sterilization of the dry rice 
starch at 140° C. for 1 hr. and heating the dry grass at 
100° C. for 2 hr. prior to addition to the medium did 
not affect the growth-rate. No organisms were found 
after one week in uninoculated control tubes. 

Further experiments are at present in progress in 
an attempt to increase the growth-rate of the organ- 
isms and to isolate a single strain of protozoan. 

I wish to thank Miss C. M. Tebbutt for her expert 
technical assistance. 


G. 8. CoL=MaNn 


Agricultural Research Council 
Institute of Animal Physiology, 

Babraham, 

Cambridge. 

Aug. 6. 

‘Hungate, R. E., Biol. Bull. Woods Hole, 83, 303 (1942). 
* Hungate, R. E., Biol. Bull. Woods Hole, 84, 157 (1943). 
* Sugden, B., J. Gen. Microbiol., 9, 44 (1953). 


‘ Bhatia, B. L., “The Fauna of British India”. “Protozoa-Ciliophora.” 
(Taylor and Francis, London, 1936.) 


Sodium Uptake by the Crayfish 


Ir is now well established that many freshwater 
animals can absorb sodium and chloride ions from 
very dilute solutions. This was first demonstrated by 
Krogh! in animals which had been previously de- 
pleted of salt ; since then, it has been shown by the 
use of radioactive tracers that in the axolotl*, in the 
frog* and in the crab, Hriocheir‘, ion absorption occurs 
continuously in the normal animal as part of the 
mechanism for the maintenance of salt balance. Salt 
balance results when the rate of salt uptake equals 
the total loss of salt through the integument and by 
way of the excretory fluid, but little is known of the 
extent to which the uptake rate is regulated by the 
animal or of the internal or external factors upon 
which the uptake rate normally depends. 

An attempt has been made to throw some light on 
the mechanism of the regulation of sodium uptake 
in the freshwater crayfish, Astacus pallipes. In 
particular, the influence of variations in the internal 
sodium content and of the external sodium concentra- 
tion on the rate of uptake, has been studied. 

To measure sodium uptake, a crayfish weighing 
about 10 gm. was placed in 250 ml. of water contain- 
ing a known concentration of sodium chloride in the 
tange, 0-1 mM /l. A proportion of the added sodium 
was present as sodium-24 and the radioactivity of 
the solution was measured initially and then at fre- 
quent intervals after the start of the experiment. No 
experiment proceeded long enough for back-diffusion 
of radiosodium to have a significant effect on the 
measiirnd uptake rate or for large changes in the 
internal or external sodium concentrations to occur. 
The rate of uptake of sodium (the sodium influx) was 
calculated from the rate of loss of activity from the 
outside solution, after correction for decay. Net up- 
take was also measured from changes in the external 
sodium concentration. 

The normal uptake rate for animals in 0-3 mM/l. 
sodium chloride solution (the sodium concentration 
of Newcastle tap-water) was about 1-5 uM /hr./10 gm. 
y-weight (Table 1). Loss of sodium from the 
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Table 1. UpTak& RATES IN THB CRAYFISH, MEASURED WITH 
Sopium-24 








| Lowest 
Specimen | Uptake rate from 0-3mM NaClsol. equilibrium 
No. in wmole/hr./10 gm. body-weight concentration 
Normal rate Maximum rate mM Na 
1 1-1 5: 0-03 
2 1-4 4-9 0-03 
3 1-7 5-7 0-09 
4 1:8 73 _ 
5 1-4 5:3 0-02 
6 15 78 0-04 

















animal caused a gradual increase in the uptake rate 
until a maximum rate for a given external concentra- 
tion was reached (Table 1). The maximum rate was 
4-5 times the normal value. Conversely, sodium 
uptake was depressed by an increase in the internal 
sodium. When the uptake mechanism was stimulated 
the animal could maintain itself in sodium balance 
at a much lower external sodium concentration than 
before (Table 1). At the maximum uptake rate the 
equilibrium concentration was only about one-tenth 
of the normal tap-water concentration. To increase 
the uptake rate from normal to the maximum 
required the loss of about 6-8 per cent of the internal 
sodium. Significant changes in the uptake rate 
oceurred after changes of only 1-2 per cent of the 
internal sodium content. 

The low equilibrium concentration achieved when 
the uptake rate is maximal is a direct consequence of 
the fact that the uptake rate, itself, depends on the 
external sodium concentration. The relationship 
between these for a typical individual is shown in 
Fig. 1. This shows the uptake rates for the animal 
in equilibrium with an external concentration of 
0-2 mM/l. sodium (open circles) and also the increased 
uptake rates of the animal in equilibrium with an 
outside concentration of 0:03 mM/l. sodium (full 
circles). The relation between the uptake rate and 
the external sodium concentration is a non-linear one 
but appears to conform to a relation of the Michaelis— 
Menten type, as might be expected if the sodium 
ions are transported by a carrier system which be- 
comes saturated at higher sodium concentrations. 
The continuous line in Fig. 1 is derived from the 
expression: M = Kc/(Km +c), where M is the 
uptake rate and c the external sodium concentration. 
The constants, K and K» have been given arbitrarily 
chosen values of 7 and 0-25 respectively. The very 
low concentration at which half-saturation occurs is 
noteworthy and indicates a very high affinity of the 
carrier for sodium ions. 

These studies show that sodium uptake in the cray- 
fish takes place by a mechanism which is highly 
regulated and well adapted to maintain the animal 
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in sodium balance. Although the rate of uptake is 
sensitive to changes in the external sodium concentra- 
tion (at the concentrations found in tap-water) any 
resulting change in the internal sodium content 
brings about a change in the uptake rate in the 
opposite direction and a self-balancing system results. 
J. SHaw 
Department of Zoology, 
King’s College, 

Newcastle upon Tyne. 
1 Krogh, A., Z. vergl. Physiol., 25, 335 (1938). 
* Jorgensen, C. B., Levi, H., and Ussing, H. H., Acta Physiol. Scand., 

12, 350 (1946). 
* Jorgensen, C. B., Acta Physiol. Scand., 20, 56 (1950). 
‘ Koch, H. J. sad Evans, J., Mededel. VI. Acad. Wet., Kl. Wet., 18, 


Prevention of Allergic Encephalomyelitis 
by Prior Injection of Adjuvants 


In a recent article! Svet-Moldavskaya and Svet- 
Moldavsky have reported that repeated injections of 
immature rabbit brain into guinea pigs prevented the 
development of allergic encephalomyelitis when the 
same animals were given active (adult rabbit brain) 
injections at a later date. From this observation 
they have proposed the existence in brain of two 
factors, one of which is responsible for the develop- 
ment of encephalomyelitis, the other for the develop- 
ment of acquired resistance against. it. 

The acquired resistance to allergic encephalo- 
myelitis described by these authors has been observed 
previously, but it was not ascribed to any factor in 
brain itself. Lumsden first described it in 1949? and 
rightly attributed protective action of inactive brain 
fractions to the adjuvant itself. He states: “The 
results . . . seem to suggest that the mere injection 
of ‘adjuvants’ alone may in some way produce 
immunity to the encephalitogenic factor in brain 
tissue”’. 

Results obtained in our laboratory have verified 
Lumsden’s assumption (Table 1). The animals in 
experiment A were given as their first injection the 
complete vaccine, as controls for subsequent tests on 
protection. Since they all succumbed to the disease, 
no challenge injection was possible. In experiment B 
three different initial injections were given, each 
containing one of the ingredients of the complete 
vaccine (oil/aquaphor, bovine cord fraction, and killed 
tubercle bacillus). The complete vaccine was injected 
thirty days after the initial injection. Of these three, 
the killed tubercle bacillus was the only one showing 
any protective effect. From experiment C it is 
apparent that the oil-aquaphor component, inactive 
in suppressing subsequent disease when injected 
alone, markedly enhances the protective effect of the 
tubercle bacillus. The nervous tissue fraction in 
oil/aquaphor also appeared to have a slight protective 
effect, but the difference is not significant at the 
5 per cent level.. Killed tubercle bacillus and nerve 
fraction combined may be somewhat more effective 
than tubercle bacillus alone, but this is doubtful. 

Histological examination of the inoculation sites of 
those animals receiving a primary protective injection 
(killed tubercle bacilli in oil-adjuvant mixture) 
revealed almost complete suppression of epithelioid 
cel) reaction and encapsulation of the injection 
maverial by neutrophilic leucocytes and fibrous tissue, 
compatible with the Koch reaction. 

Protection against ‘allergic’ encephalomyelitis is 
complex and may be produced in many different 
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Table 1. PROTECTION AGAINST ENOBPHALOMYELITIS BY PRIoR 
INJECTION WITH INCOMPLETE VACCINE 





Composition of first vaccine* 


Tubercle 
bacilli 
(mgm.) 





Disease indext | 
(mean + S.E.) 


Bovine 
Expt. Oil + cord 

aquaphor fraction 

(ml.) (mgm.) 


0-08 25 
0-08 02 25 
0-08 
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* Given 30 days prior to complete vaccine. 

+ Measure of severity of disease reaction based on clinical and 
histological results. 0 = no reaction; 10 = maximal reaction in all 
animals on test (ref. 3). 

—— injection, no challenge possible. 

No lienge given, killed at 60 days. 
ways‘. It can be produced by a single injection of a 
saline suspension of brain in neonatal or immature 
animals (see Paterson®, also discussion by Waksman) 
by repeated injections of brain in adult animals 
(Ferraro, Condie*), or by passive transfer of serum 
from encephalitic animals (Florey*) and by other 
techniques, such as reported here. 

It should be noted that in the present experiments 
only a single injection of incomplete vaccine was 
given one month before challenge, that the most 
important protective factor under these conditions 
is in the tubercle bacillus, and that this factor is 
markedly potentiated by the oil-aquaphor suspending 
medium. The data do not preclude the possibility 
that repeated injections of brain in oil—aquaphor 
might produce significant protection, but this experi- 
ment has not yet been performed. Whether there 
would be any difference between immature and 
mature brain in such an experiment also remains to 
be determined. However, since the results of Svet- 
Moldavskaya and Svet-Moldavsky can be attributed 
to the presence of tubercle bacillus in the original 
injection, their conclusions regarding a protective 
factor in immature brain are unjustified until the 
latter is tested in the absence of tubercle bacillus. 


Marian W. Kies 


Laboratory of Clinical Science, 
National Institute of Mental Health, 
National Institutes of Health, 
Bethesda, Maryland. 
ExtswortH C. ALVORD, JUN. 


Department of Pathology and 
Division of Neurology, ' 
Baylor University College of Medicine, 
Houston, Texas. 
Aug. 7. 


2 Svet-Moldavskaya, I. A., and Svet-Maldavsky, G. J., Nature, 181, 
1536 (1958). 

* Lumsden, C. E., Brain, 72, 517 (1949). 

® Alvord, Ellsworth C., jun., and Kies, Marian W., J. Newropath. Exp. 
Neurol. (in the press). 

‘ nc’ een C., jun., and Kies, Marian W., Science, 127, 1122 


* Kies, Marian W., and Alvord, Ellsworth C., jun., Ed., Proc. Symp. oD 
Allergic Encephalomyelitis and its Relation to other Diseases of 
Man and Animals ( les C. Thomas, in the press). 
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Movements of Lugworms 


A RECENT review of the hydrostatic skeleton in 
invertebrates by Chapman! includes the following 
sentence about Arenicola: ‘Wells (1954) has shown 
that the three anterior septa are connected with 
the retention of the proboscis against the normal 
resting or tonus pressure maintained by the body- 
wall in the ecelom, which would otherwise be sufficient 
to cause protrusion of the proboscis”. This is untrue ; 
I did not show, or claim to show, what he ascribes 
to me. The paper to which he refers? contains an 
analysis of the working of the very intricate proboscis 
mechanism. The first of the three anterior septa is 
differentiated into several parts and actively assists 
both the extrusion and the withdrawal of the probos- 
cis, the details varying somewhat with the species ; 
the extent of its responsibility for keeping the resting 
proboscis in position is unknown. Neither of the 
other two anterior septa has anything to do with the 
movements or position of the proboscis. 

In the same review Chapman writes that in errant 
polychetes “the oblique muscles run from a lateral 
position to a point below the nerve cord” but in 
Arenicola “no oblique muscles are present”’, that ‘“‘the 
lugworm cannot crawl’, and that eversion of the 
proboscis is assisted by “‘a simple contraction of the 
posterior end of the lugworm”. In fact, of course, 
the oblique muscles of Arenicola are numerous and 
conspicuous in dissections*, the worms crawl actively 
in their burrows, in glass tubes or on the surface of 
the sand‘, and, as anyone who has watched a vigor- 
ously burrowing lugworm will agree, the description 
of the movements of its hinder part as simple is wide 
of the mark. He appears to regard the parapodial 
musculature as largely or entirely derived from the 
circular muscle layer of the body wall ; in fact, as one 
would expect on functional grounds, the chief para- 
podial muscles run longitudinally and are derived 
from the longitudinal layer®. It is regrettable that 
such inexact statements have been put into circula- 
tion when accurate information about the movements 
of lugworms, and the structures which bring them 
about, was already available. 


No. 4642 


G. P. WELLS 
Department of Zoology, 
University College, 
London, W.C.1. Aug. 1. 


*Chapman, G., Biol. Rev., 38, 338 (1958). 

* Wells, G. P., Quart. J. Mier. Sci., 95, 251 (1954). 

* Ashworth, J. H., Liverpool Marine Biology Committee Memoirs, xi 
(London, 1904). Wells, G. P., J. Mar. Biol. Assoc., 29, 1 (1950). 

‘Guberlet, J. E., Proc. Fifth Pacific Sci. Congr., 5, 4213 (1934). Just, 
B., Z. vergl. Physiol., 2, 155 (1924). MacGinitie, G. E., and Mac- 
Ginitie, N., “Natural History of Marine Animais’’ (New York, 
1949). Wells, G. P., Symp. Soc. Exp. Biol., No. 4, 127 (1950). 
Werner, B., Helgol. wiss. Meeresunters., 5, 343 (1956). 

* Lillie, R. S., Mitt. zool. Sta. Neapel, 17, 341 (1905). Wells, G. P., 
Proc. Zool. Soc. Lond., 114, 100 (1944). 


Striations of Skeletal Muscle 


Ir seems to have been generally assumed that the 
structure of myofibrils in skeletal, or striated, muscle 
is fundamentally similar in all the vertebrate classes, 
and, in addition, observations on invertebrates, 
particularly insects, have been widely applied to the 
muscles of vertebrates. In fact, much of the detailed 
morphological description of striations of mam- 
malian muscle in histological text-books appears to 
be based on work on insects, as can be seen by 
reference to Schafer’s well-known text-book’, or to 
Cowdry’s work on special cytology*. 
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This assumption of structural uniformity in all 
animals is supported by the appearance as seen by 
using crossed ‘Polaroid’ glasses, or crossed Nicol 
prisms, and by staining with Heidenhain’s iron 
hematoxylin method. 

However, use of a wider range of staining methods, 
including basic dyes, presents evidence which suggests 
that species differences in the structure of myofibrils 
occur, as shown by the differing relation of bands 
stained to birefringence in different animal types 
when using the same staining technique. This 
observation raises the question as to how much of 
the physiological and biochemical data obtained on 
other forms is directly applicable to mammalian, and 
in particular to human, muscle. 

Dempsey, Wislocki and Singer* (who worked with 
monkeys, rats and a newt, Triturus viridescens) 
claimed that basic dyes stained the anisotropic (or 
doubly refractile) segments, and that acidic dyes 
stained the isotropic (singly refractile) segments. 
Neither of these statements appears to be of general 
application. I have previously illustrated’ the 
appearances of human muscle as stained by the 
acidic dye fast green F.C.F. On that occasion, 
relying on the assumption of uniformity and the 
results of Dempsey, Wislocki and Singer, I mis- 
interpreted the significance of the bands stained by 
this dye. In man, and other animals so far examined, 
it is not the isotropic but the anisotropic segments 
which are stained by acidic dyes. 

These observations indicate that in considering 
the structure of myofibrils more attention should be 
paid to the possibility of species difference. 

Irvine J. HunTER* 
Department of Morbid Anatomy, 
The Hospital for Sick Children, 
Great Ormond Street, 

London, W.C.1. Aug. 13. 

* Research Fellow in Histochemistry. 

1 Carleton, H. M., and Short, R. H. D. (edits.), “Schafer’s Essentials of 

Hi,tclogy”, 16th ed., 143 (Longmans, London, 1954). 

* Meigs, E. B., in “Special Cytology”, E. V. Cowdry (edit.), 2nd ed., 2, 

1091 (Hoeber, New York, 1932). 

. Dees E. W., Wislocki, G. B., and Singer, M., Anat. Rec., 96, 221 
‘ Hunter, I. J., Proc. Roy. Soc. Med., 51, 343 (1958). 


Effect of Chloramphenicol on a Fungus 


DvuRING an investigation of the formation of extra- 
cellular nitrogen compounds by fungi', the effect of 
chloramphenicol on this process was tested, since in 
bacteria chloramphenicol is known to interfere with 
protein synthesis* * and with the synthesis of enzymes. 
concerned with amino-acid metabolism‘, although it. 
has no effect on the growth of many fungi®. 

A strain of Scopulariopsis brevicaulis (Sacc.). 
Bainier was grown in surface culture in a synthetic 
glucose-nitrate liquid medium as used previously}, 
to which a trace metal supplement containing iron, 
copper, zinc, manganese and molybdenum was added. 
Chloramphenicol was added to some of the flasks: 
at a final concentration of 20 or 50 ugm./ml. In the 
control flasks growth of the fungus was rapid, all the 
nitrate was assimilated in 6-7 days, and the mean. 
dry weight of mycelium after 20 days was 180 mgm. 
per flask. The extracellular nitrogen formed repre- 
sented 16-20 per cent of the nitrogen supplied. In. 
the presence of chloramphenicol, however, growth 
of fungus was very slow and nitrate did not finally 
disappear from the medium until 20-40 days after 
inoculation, when the dry weight of mycelium was. 
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100-120 mgm. per flask. The extracellular nitrogen 
formed represented 30-35 per cent of the nitrogen 
supplied. There was no difference in effect between 
the two levels of chloramphenicol. 

This very marked effect of chloramphenicol on 
the metabolism of S. brevicaulis was only found with 
nitrate as nitrogen source. When nitrate was re- 
placed by ammonia, nitrite, or a mixture of amino- 
acids, chloramphenicol was without effect and the 
fungus behaved exactly as in the control flasks. The 
effect of chloramphenicol in nitrate medium was also 
completely removed merely by growing the fungus 
in submerged conditions with vigorous shaking. 

The inhibiting effect of chloramphenicol on the 
fungus in nitrate medium in static culture could not be 
overcome by the addition of increased trace elements 
(up to ten times the normal level), or by the addition 
of yeast extract. It could, however, be overcome by 
an unknown factor present in commercial glucose and 
removable therefrom by acationexchangeresin. There 
was no evidence that the nitrate reductase system was 
inhibited in the presence of chloramphenicol. 

When several other fungi (Penicillium griseofuluum 
Dierckx, Botrytis allii Munn., Aspergillus niger v. 
Tieghem, Fusarium graminearum Schwabe) were 
tested in the same conditions as S. brevicaulis their rate 
of growth and nitrate assimilation, and the extent to 
which they formed extracellular nitrogen compounds, 
were completely unaffected by chloramphenicol. 

No explanation can be given of this effect of 
chloramphenicol upon S. brevicaulis alone among 
many fungi tested and manifest only in nitrate 
medium in conditions of surface culture. It seems 


worth recording if only as an example of that bio- 
logical specificity which is often so puzzling. 


D. BrRoapBENT 
D. A. TERRY 
Imperial Chemical Industries, Ltd., 
Akers Research Laboratories, 
Welwyn, Herts. Aug. 26. 
+ Morton, A. G., and Broadbent, D., J. Gen. Microbiol., 12, 248 (1955). 
* Gale, E. F., and Folkes, J. F., Biochem. J., 58, 493 (1953). 


* Wisseman, C. L., Smadel, J. E., Hahn, F. E., and Hopps, H. E., J- 


Bact., 67, 662 (1954). 
* Sorm, F., and Grunberger, D., Chem. Listy, 47, 1657 (1953). 


* McLean, W. I., Schwab, J. L., Hillegas, A. B., andjSchlingman, A. S.. 


J. Clin. Investigation, 28, 953 (1949). 


Removal of Osmic Acid Stains 


In the current literature on electron microscopical 
methods! many weaknesses of osmic acid as a fixing 
agent have been carefully analysed and appropriate 
safety methods, which would reduce if not entirely 
eliminate these, have been recommended. No useful 
advice appears to have been given, however, on the 
proper cleaning of glass and other utensils after they 
have become stained with osmic acid or on the 
removal of osmic acid precipitates, and consequently 
some wastage of this not inexpensive material at 
present seems to be accepted as inevitable. 

Many years ago, one of us*, working on an extensive 
series of peripheral nervous tissue material treated 
with osmic acid, found bleaching of the sections in 
3 per cent hydrogen peroxide extremely useful as a 
preliminary to the application of other staining 
methods. Though no special mention was made of 
this, as it appeared a logical step to take, at that 
time all glassware and other apparatus contaminated 
with precipitated osmic acid was washed as a matter 
of routine with hydrogen peroxide, the strength of 
the solution depending on the heaviness of the soiling, 
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or the speed required for the finishing of the cleaning 
process. 

With the advent of electron microscopy, osmic 
acid is again used extensively, and the need for 
efficient cleaning of glassware and apparatus has re- 
appeared. Hydrogen peroxide was again found fully 
satisfactory for this purpose and it is used by us 
as a routine procedure. 

It is well known that osmic acid renders cells and 
tissues difficult to stain by customary methods. 
Presumably because of this difficulty most workers, 
in order to achieve the necessary tissue orientation in 
electron microscopy, use the phase-contrast micro- 
scope for this purpose on parallel, thicker sections, 
though the information thus obtained is not as good 
as that provided by stained preparations. 

At present we are studying systematically the 
staining properties of sections fixed with osmic acid 
and embedded in methacrylate after bleaching them 
in hydrogen peroxide. It is already apparent that 
most staining methods are applicable to these sections 
with reasonable success and without any major 
modification in the procedure. 

Details of this work will be published elsewhere. 

I. A. Carr 
P. Bacsicu 
Department of Anatomy, 
University of Glasgow. July 10. 


+ Porter, K. R., Claude, A., and Fullam, E., J. Exp. Med., 81, 233 
(1945). Palade, G. E., ibid., 95, 285 (1952). Rhodin, J., Pub. 
Karolinska Inst., Stockholm (1954). 

* Bacsich, P., Acta Litt. Sci. Univ. Szeged, Sect. Med., 6, 237 (1932). 


An Apparently Simple Case of Population 
Control 


Ir is not usually possible to discover what factors 
control any particular population, that is, what 
factors act more strongly against the population as 
it increases and so tend to keep its numbers constant. 
In a small planted beech wood just west of Marl- 
borough (Nat. Grid Ref. SU 175680) there is a 
population of the common snail Helix aspersa which 
seems to be controlled in a very simple manner. The 
trees have small buttresses at their bases, leaving 
narrow caves between, and in the winter the snails 
crawl into the caves to hibernate. When I visited 
the wood on January 21, 1954, with Drs. S. M. 
McGee Russell and P. M. Sheppard, we found no 
aspersa were hibernating near the outsides of the 
caves: all were deeply inside. When Dr. Sheppard 
visited the copse in the previous autumn there were 
many snails not fully in the crevices, and he tells 
me that there were far fewer predated shells then 
than we saw in January. It was as if all snails 
which were hibernating in a position in .which a 
predator could reach them had been eaten, while 
those in inaccessible positions survived. As these 
inaccessible positions would not change greatly from 
year to year, this system would keep the population 
at a constant size in the same way that an overflow 
pipe keeps water in a tank at constant depth. Squirrels 
were probably the predator concerned. 

This colony is unusual not only in its system of 
control. The snails were more markedly banded than 
garden snails, and most were immature. By using 
sticks we managed to secure 134 live snails of which 
only 30 were adult. 
M. H. WILLIAMSON 
Department of Zoology, University Museum, 

Oxford. Aug. 1. 
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FORTHCOMING EVENTS 


(Meetings marked with an asterisk * are open to the public) 


Monday, October 20 


SocleTy OF CHEMICAL INDUSTRY, PESTICIDES GROUP (at 14 Bel- 
grave Square, London, 8.W.1), at 5. 30 p.m.—Papers on “Preservation 
of Timber”. 

INSTITUTION OF ELECTRICAL ENGINEERS, EDUCATION DISCUSSION 
CIRCLE (at Savoy Place, London, W.C.2), at 6 p.m. —Discussion on 
“The Presentation of Electrical Science in Schools”. 


SoctETy OF INSTRUMENT TECHNOLOGY, DATA PROCESSING SECTION 
(at Manson House, Portland Place, London, W.1), at 6 p.m.—Mr. 
G. P. Tonkin and Mr. J. B. Bownas: “A ‘Simple Data Read-Out 
System”. 

INSTITUTE OF METAL FINISHING (at the voter Polytechnic, 
St. John Street, London, E.C.1), at 6.15 —Mr. W. J. Campbell : 
“Recent Developments in Hard ‘Anodizing”. 


ROYAL GEOGRAPHICAL SOCIETY (at 1 ————— Gore, London, 
§.W.7), at 8.30 p.m.—Mr. Tom Harrisson: ‘Exploration in Changing 


Bornes”. 


Tuesday, October 21 


UNIVERSITY COLLEGE (in the Anatomy Theatre, Gower Street, 
London, W.C.1), at 1.15 p.m.—Mr. D. R. Wilkie: ‘“Man-Powered 
Flight”.* 

INSTITUTION OF CHEMICAL ENGINEERS (at the Geological Society» 
Burlington House, Piccadilly, London, W.1), at 5.30 p.m 
Brown and Mr. J. C. Richards: “Exploratory Study of ‘the Flow of 
Granules through Apertures”. 

UNIVERSITY OF LONDON (at King’s College, Strand, London, W.C.2), 
at 5.30 p.m.—Prof. L. Brillouin: “Information Theory and Its 
Applications to Fundamental Problems in Physics”.* (First of five 
yd er lectures. Further lectures on October 23, 24, 27 
and 29. 

ROYAL INSTITUTE OF CHEMISTRY, LONDON SECTION (joint meeting 
with the SouTH-EAst Essex TECHNICAL COLLEGE SCIENTIFIC SOCIETY, 
at the South-East Essex Technical College, Longbridge Road, Dagen- 
ham), at 7 p.m.—Dr. E. Martin: “Infra-Red ‘Analysers and 
Spectrometers”. 


Wednesday, October 22 


INSTITUTE OF FuEL (at the Institution of Civil Engineers, Great 
George Street, London, S.W.1), at 5.30 p.m.—Discussion on ““Tech- 
nical Difficulties Experienced by Industry in Complying with the 
es Air Act and Regulations” opened by Mr. H. E. Hopthrow, 


INSTITUTION OF ELECTRICAL ENGINEERS, RADIO ee TELECOM- 
MUNICATION SECTION (at Savoy Place London, W.C.2), at 5.30 p.m.— 
Mr. G. Millington: “Random Thoughts of a Propagation Engineer” 
(Chairman’s Address). 

CHALLENGER Society (at the Linnean Society, Burlington House, 
Piccadilly, London, W.1), at 5.45 p.m.—Dr. Brian P. Boden and 
Dr. Elizabeth M. Kampa: “The Deep Scattering Layer’’. 


INSTITUTION OF MECHANICAL ENGINEERS, EDUCATION GROUP (at 
1 Birdcage Walk, Westminster, London, 8.W.1), at 6 p.m m.—Dis- 
cussion on “Recent Developments in Engineering Education in the 
United States of America’”’. 


SOCIETY OF CHEMICAL INDUSTRY, CORROSION GROUP ae’ 14 Bel- 
grave Square, — S.W.1), at 6.30 p.m.—Mr. D. J. Godfrey: 
“Cavitation Damage” 


Om AND COLOUR Cannes ASSOCIATION, LONDON SECTION (joint 
meeting with the BRITISH SOCIETY OF RHEOLOGY, at the Royal 
Society of Tropical Medicine and Hygiene, 26 Portland Place, London, 
W.1), at 7 p.m.—Mr. C. C. Mell: “Rheological Behaviour of Paint 
Systems at Low Shearing Rates’. 


RADAR AND ELECTRONICS ASSOCIATION ie the Royal Society of 
Arts, John Adam Street, London, W.C.2), at 7 p.m.—Major P. L. 
Teed : “Fatigue of Metals”, 


BRITISH PSYCHOLOGICAL SOCIETY, MEDICAL SECTION (at the Royal 
Society of Medicine, 1 Wimpole Street, London, W.1), at 8.30 p.m.— 
Dr. Marie Jahoda: “Current Concepts of Mental Health”, 


Thursday, October 23 


LINNEAN iene oF LONDON (at Burlington House, Piccadilly, 
London, W.1), at 5 p.m.—Dr. Marion A. Watson “Recent Dis- 
coveries about Aphid and Hopper Transmitted Viruses” ; Dr. A. F, 
Posnette: ‘‘Leafhopper a as ag of Green Petal and other 
— in Strawberry”; Prof. L. J. Audus: “A Botanist in Cali- 


ROYAL ANTHROPOLOGICAL INSTITUTE OF GREAT BRITAIN AND 
IRELAND (at 21 Bedford Fe er London, W.C.1), at_5.30 p.m.— 
— Barbas E. Ward : oating Villages: Chinese Fishermen in 

ig ong”, 


Friday, October 24 


BRITISH PSYCHOLOGICAL SOCIETY, OCOUPATIONAL PSYCHOLOGY 
SxcTION (in the Department of Psychology, Birkbeck College Malet 
Street, London, W.C.1), at 1 p.m.—Mrs. M. B ye oe ““Psycho- 
logical Work in the Commonwealth Bank of Australia’ 
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INSTITUTION OF MECHANICAL ENGINEERS (at 1 Birdcage Walk, 
Westminster, From 8.W. 1, at 4 p.m.—Symposium on “Engine 
Noise and Noise Suppression”’, 


UNIVERSITY OF LONDON (at Senate House, London, W.C.1), at 
5.30 p.m.—Prof. Paul Veyret a: “Modern Theories of the 
Rireotore of the Alps”.* (First of three special university lectures. 
Further lectures on October 27 and 29.) 


SocrETY OF DYERS AND COLOURISTS, LONDON SECTION * _ 
Waldorf Hotel, Aldwych, London, W.C.2), at 7 p.m.—Mr. A. L 
“Colour in Art” (Sixth London Lecture). 


Roya INSTITUTION (at 21 some Street, London, W.1), at 
9 p.m.—Sir Lawrence poms oy Bed : “Treasures in the Collections 
of Apparatus at the Roya: oniitition”. 


APPOINTMENTS VACANT 


APPLICATIONS are invited for the following appointments on or 
before the dates mentioned : 

LECTURER (registered pharmaceutical chemist, graduate in pharm- 
acy or science, and preferably with research experience) IN PHARMA- 
CEUTICAL CHEMISTRY in the Department of P| cy and Biology— 
font oo College of Technology, Birmingham 4, quoting ‘‘C” 

ctober 2 

SENIOR LECTURER (with a degree in electrical engineering and 
Corporate Member of the Institution of Electrical Engineers) IN THE 
DEPARTMENT OF ELECTRICAL ENGINEERING—The Registrar, Hatfield 
Technical College, Hatfield, Herts (October 27). 

ASSISTANT (science graduate, preferably with qualifications in 
physiology or biochemistry, or both) IN CLINICAL CHEMISTRY—The 
Secretary, The University, Aberdeen (October 31). 

NATIONAL COAL BOARD POSTDOCTORAL FELLOW IN PHYSICAL 
CHEMISTRY, for research work in connexion with the study of solids 
by a number of techniques such as mass spectroscopy—The strar, 
The Corey, Edgbaston ne 15 (October 31). 

TEMPORARY LECTURER (qualified in applied mathematics) 1N 
MATHEMATICS—The Registrar, University College of North Stafford- 
shire, Keele (October 31). 

RESEARCH Assistant, for work on the structure of crystalline 
proteins using X-rays and electronic computers—The Secretary, 
Birkbeck College (University of London), Malet Street, London, W.C.1 
(November 1). 

METEOROLOGICAL OFFICERS (with either (a) a first- or second-class 
honours degree (or equivalent) in physics or mathematical Low dag 
or mathematics or e a or (b) a degree (or a 
meteorology) in the Irish Meteorological Service—The Secretary, 

Service Commission, 45 Upper O’Connell Street, Dublin. i Tana 
(November 6). 

EXPERIMENTAL OFFICER-HORTICULTURIST (with a university 
degree in agricultural science or equivalent training in horticulture, 
ho ¢ also practice on a large commercial or Government establishment, 
university or other research station) at the Irrigation Research Station; 
C.S.1.R.0., Griffith, N.S.W., Australia, for work in connexion with 
the layout of crop experiments on fruit, pastures and vegetables 
and for detailed work on plants under close environmental control— 
Chief Scientific Liaison Officer, Australian Scientific Liaison Office, 
Africa House, at aly § London, W.C.2, quoting appointment 
No. 500/100 (November 8). 

CHAIR OF GEOGRAPHY in the University of Malaya, Kuala Lumpur 
—The Secretary, Association of Universities of the British Common- 
wealth, 36 Gordon ¢ sage London, W.C.1 (November 15). 

LECTURER (preferably with a experience in biochemistry) 
IN ANIMAL NUTRITION in the Department of Animal Husbandry 
and Veterinary Hygiene, to undertake teaching and research—The 
Secretary, Royal Veterinary College (University of London), Royal 
College Street, London, N.W.1 (November 15). 

SENIOR LECTURER or LECTURER IN MATHEMATICS at Canberra 
University College, Australia—The Secretary, Association of Univer- 
sities of the British Commonwealth, 36 Gordon Square, London, W.C.1 
(Australia, November 15). 

LECTURER or ASSISTANT LECTURER IN PHYSICAL OR INORGANIO 
CHEMISTRY at Makerere College (University oe of East Africa) 
—The Secretary, Inter-University Council for Higher Education 
Overseas, 29 Woburn Square, London, W.C.1 (November 25). 

CHANCE CHAIR OF MECHANICAL ENGINEERING—The Registrar, 
The University, Birmingham 15 (November 30). 

LECTURER IN PuHysics at the University of Tasmania, Australia— 
The Secretary, Association of Universities of the British Common- 
wealth, 36 Gordon Square, London, W.C.1 (Australia, November 30). 

LECTURER or ASSISTANT LECTURER IN ZOOLOGY at the University 
of Malaya—The Secretary, Inter-University Council for Higher 
ae Overseas, 29 Woburn Square, London, W.C.1 (Novem- 


LECTURER IN AERONAUTICAL ENGINEERING—The Secretary, 
Northampton College of Advanced Technology, St. John Street, 
ac soe E.C.1. 

ECTURER IN Puysics—The Secretary, Sir John Cass College, 
Jewry Street, London, E.C.3 

LECTURER (wi ith a degree te chemical engineering or metallurgy 

some industrial or research he ager and the ability to teach th the 
engineering aspects of extraction metallurgy, including fluid mech- 
eg and heat transfer) IN THE METALLURGY DEPARTMENT—Prof. 
F. D. Richardson, Metallurgy Department, Imperial College of Science 
and Technology, "London, 8.W.7. 

MEDICAL LABORATORY TECHNICIAN qualified male or female) IN 
THE NATIONAL BLOOD TRANSFUSION SERVICE—The Administrative 
Officer, seg yan ood Transfusion Centre, Crescent Drive, Brentwood. 

PHYSICS MASTER, to take the subject to scholarship level—The 
‘Seckananee, St. Albans School, Abbey Gateway, St. Albans. 

RESEARCH ASSISTANT IN THE PATHOLOGY DEPARTMENT, for work 
involving the ap a of X-ray methods to the study of bone 
structure—The , Pathology Department, Institute of 
Orthopedics, 234 Great ‘ortland Street, London, W.1. 
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RESEARCH ASSISTANT (with a mechanical engineering or shaeics 
degree with a strong mathematical ability), to carry out theoretical 
and experimental work in a plastic-elastic body—The Clerk to the 
Governors, Woolwich Polytechnic, London, 8.E.18. 

SENIOR CLINICAL PSYCHOLOGIST, to organize and maintain a full 
psychological service for the hospital and its associated out-patients 
clinics—The Group Secretary, Cherry Knowle Hospital, Ryhope, near 
Sunderland. 

ZOOLOGIST (graduate in zoology of a British university) at the 
Dove Marine Laboratory—The Registrar, King’s College, Newcastle- 
upon-Tyne. 


REPORTS and other PUBLICATIONS 


(not included in the monthly Books Supplement) 


Great Britain and Ireland 


Annual Report of the Yorkshire Philosophical Society for the year 
1957. Pp. 138. (York: Yorkshire Philosophical Society, 1958.) [138 
Department of Scientific and Industrial Research. Hydraulics 
Research 1957: The Report of the Hydraulics Research Board with 
the Report of the Director of Hydraulics er Pp. v+69+8 
plates. (London: H.M. Stationery Office, 1958.) 5s. 6d. net. [138 
B.B.C. Television: a British Engineering Achievement. Pp. 64. 
(London: British Broadcasting Corporation, 1958.) 28. 6d. [138 
Falkland Islands Dependencies Survey. Scientific Reports. No. 
18: The Breeding Behaviour and Reproductive Cycle of the ibe vg 
Seal (Leptonychotes weddelli Lesson). By A. W. Mansfield. .1+41 
6 plates. 20s. net. No. 20: The Petrology of Graham nd. 3: 
Metamorphic Rocks of the Trinity Peninsula Series. By Dr. R. J. 
Adie. Pp. i+26+42 plates. 13s. 6d. net. No. 21: Upper Jurassic 
and Cretaceous Ammonite Faunas of Alexander Land and Graham 
Land. By Dr. M. K. Howarth. Pp. i+16+5 plates. 16s. 6d. net. 
No. 22: The Introduced Reindeer of South Georgia. By W. Nigel 
Bonner. Pp. i+8+3 plates. 7s. net. (London: H.M. Stationery 
Office, 1958. Published for the Colonial Office.) [138 
N orthampton College of Advanced Technology, London. Prospectus 
of Part-Time (Day and Evening) Courses in Engineering Applied 
Mathematics, Applied Physics and Pure and Applied Chemistry, 
Session Joep ol ta 40. (London: Northampton College of Advanced 


ees {158 
ngs of ne Royal Institution of Great Britain, Vol. 37, 
Part 1, No. 165, containing accounts of the Friday Evening Discourses 
and other Meetings. .119. Published three timesa year. (London : 
Royal Institution of Great Britain, 1958.) 8s. 6d. each part or 21s. 
per annum. 158 

Report on a Brief Survey of the Charollais Breed: Pedigree and 
Cross Bred. By Cra neroee Smith. Pp. 37. (Ilminster: Horlicks 
Farms and Dairies, Ltd., 1 [158 

Building Research Station 1 Digest, No. 118 (August, 1958): The 
oa of acer Plant. Pp. 6. (Loudon: H.M. Stationery os, 


Medical Research Council. Statement on the Report of the United 
Nations Scientific Committee on the Effects of Atomic Radiation. 
He 15. (Cmnd. 508.) (London: H.M. Stationery Office, it} 
8. net. 

Department of Scientific and Industrial Research. Road Research 
Laboratory. sear ical Pe No. 41: Field Studies 
of the Movement of Soil Moisture. By W. P. M. Black, D. Croney and 
J.C. Jacobs. Pp. vi+74. 6s. net. Road Note No.5: Types of Road 
Surfacing and Maintenance Using Tar or Asphaltic Bitumen. Pp. 
iv+30. 3s. net. (London: H.M. Stationery Office, 1958.) [198 

The Chemical Society. Annual Reports on the Progress of Chemistry 
for 1957, Vol. 54. Pp. xx+445. (London: The Chemical Society, 
1958.) 40s. 198 

Rothamsted Experimental Station. (Lawes Agricultural Trust.) 
Report for 1957 (with 50-Year Index, 1908-57). Pp. 316. aati | 
Rothamsted Experimental Station, 1958.) 

Ciba (A.R.L.), Ltd. echnical Notes, No. 188 (August, 1988}: 
Adhesives—Developments in  Metal-to-Metal 
Pp. 8. ag + 


Rei rtson Plasticsin the Tropics. 8: Adios 
porta (London; H.M. Stationery Office, 
68.) 4s. net. ‘(218 


National Formulary, 1957. First Amendment, 1958. 

. 11. (London: British Medical Association and The Pharmaceuti- 
cal om, 1958.) 8d. 228 
rnal of the Institute of Wood Science, No.1 (March, 1958). Pp. 

(London: The Institute of Wood Science Limited, 1 


High-Temperature 
oye iH i aT sf High-Speed Flight. 
Ciba (A.R.L.), Ltd., 1 
Ministry of Supply. 
— Phenolic Resin. 


*;Other Countries 


Report of the United Nations Scientific Committee on’ the Effects 
of Atomic Radiation. (General Assembly—Official Records: Thir- 
teenth Session, Supplement No. 17 (A/3888.) Pp.iii+228. (New York: 
United Nations ; ndon: H.M. Stationery Office, 1958.) — 
dollars; 18s.; 10.50 Swiss francs. 

Records of the Queen Victoria Museum, Launceston. New eile, 
No.9: The Van Diemen’s Land Company, 1825-1842, By A. L. Meston. 

‘Arranged for publication by W. M. Meston. Pp. 62. (Launceston : 
Queen Victoria Museum, 1958.) 88 

Publikationer det Danske Meteorologiske Institut, Charlottenlurd. 
Comraunications : On the Variation of the 
Magn:‘tie Activity at Godhavn. y K. Lassen. "Pp. 46. (Charlotten- 
lund: Danske Meteorologiske Institut, 1958.) eg 

krifter. Serie Teknologiske Undersake 
s old av fett og fettfritt torrstoff 
eo ‘AvS. = — > 2 9. Vol. 111, No.9: Luftfrysing 


Arne 
av oe: ndersokelse a’ ——- etid. Av Gustav Lorentzen. 
Pp. 26. (Bergen: A/S Some Griegs trykkeri, 1958.) {118 


Magnétiques, ~ No. 23: 
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Transactions of the American Philosophical Society. New Series. 
Vol. 48, Part 4: The Search for a New Voltaire: Studies in Voltaire 
based upon Material Deposited at the Amerionn Philosophical focetss yg 
By Prof. Ira O. Wade. he 206. (Philadelphia: American Phil a 
cal Society, 1958.) 5 do 

Memorie’ dell’Istituto Italiana di —— oak. 
Marchi”, Pallanza. Vol. X, 1958. Pp. 329 Milano : 
Ulrico Hoepli, 1958.) 

Durban Museum Novitates. Vol. Part 8 (15th Ji e 
Miscellaneous Taxonomic Notes on dirican 10. 
oe age Pp. 99-110. (Durban: Durban Museum, 1958.) 28 
ne 


198 

Coryndon Memorial Museum. Occasional Papers, No.5: Some New — 
African Lepidoptera. By R.H.Carcasson. Pp. 9+1 plate. Bog i 
on gins :~ ncaa Museum; Cambridge: Deighton om 

ee 

Annals of the New York Academy of Sciences. Vol. 71, Article 
a7 Steroid Compounds with Progestational Activity. By Abraham 

Rakoff and 57 other authors. Pp. 479-806. (New York : a 
York Academy of Sciences, 1958.) aL 

State of California : Department of Fish and Game. Fish Bulletin 
No. 105: The Marine Fish Catch of California for the years 1955 and 
1956, with Rockfish Review. By the Staff of the Marine Resources 
Operations. Pp. 104, (Terminal Island, Calif.: Department of = 
and Game, 1958.) 

United States Department of Agriculture. ia No. 481: 
Sweetpotato Weevil: How to ControlIt. Pp. 8. ( Washington, D 
Government Printing Office, 1958.) 10 cents. 198 

Trinidad and Tobago. British Caribbean Meteorological Service 
Annual Report, 1957. Pp. 19. (Trinidad: Government Printi 
Office, 1958.) 45¢. 1 

Nova Scotia Research Foundation. Selected Pinlioaeey on Algw, 
No. 4. Pp. 109. (Halifax, Nova Scotia: Nova tia Research 
Foundation, 1958.) 198 

Bibliography on Medical Electronics. Prepared by the Medical 
Electronics Center of the Rockefeller Institute. Pp. 91. (New York: 
Professional Group on Medical Electronics, Institute of Radio Engin- 
eers, 1958.) 2.50 dollars. [198 

Risé: The Research Establishment of the Danish Atomic Energy 
Commission. Pp. 20. (Copenhagen K: Danish Atomic — 
Commission, 1958.) 

Publications de I’Institut National pour l’Fitude Agronomique “- 
Congo Belge. Carte des Sols et de la Vegetation du Congo Belge 
et du Ruanda-Urundi. 6: Yangambu. Planchette 3: Lilanda. 
A: Sols. B: Vegetation. Notice Explicative de la Carte des Sols 
et de Vegetation par P. Gilson, P. Jongen, A. Van Wambeke et L. 
Liben. Pp. 36+2 cartes. (Bruxelles : Institut National pour I’F tude 
Agronomique du Congo Belge, 1957.) 100 francs. 218 

Comité Consultatif pour la Definition du Metre auprés du — 
International des Poids et Mesures. 2e Session (1957). Procés-Verba 
des Séances, Rapport en Annexes. Pp. 184. (Paris: Gauthier-Villare, 


1958.) 
Department of Supply: 
Load A: 


VoL. 182 


Australian Defence Scientific Service. 
Defence Standards Laboratories. Technical Note 47 : 
of Vickers Hardness Testing Machines and Instructions for Fitting 
Modified Counterweight. By J. N. Corbet and N. G. C. Neville. Pp. 
: +s ) (Ascot Vale, Victoria: Defence Standards ra! — 

United States Department of the Interior: Geological Survey. 
Bulletin 1032-D : Geology of the Copper King Uranium Mine, Larimer 
County, Colorado. By P. K. Sims, George Phair and R. H. Moench. 
Pp. v +171-221 +plates 16-18. 75 cents. bi ag aera | peta 1307 : 
Compilation of Records of Surface Waters of the United tes through 
September 1950. Part 4: St. Lawrence River Basin. aod under 
the direction of J. V. B. Wells. Pp. Mo sip, plate. n.p. Water- 
Supply Paper 1310: Compilation of Records of Surface Waters of the 
United States through September 1950. Part 6-B: Mi River 
Basin below Sioux City, Iowa. Prepared under the direction of J. V. B. 
Wells. Pp. v+619+1 plate. n.p. porate Fuge Paper 1351: — 
Quality of Surface Waters of the United States 1954. Parts 5 and 6: 
Hudson Bay and Upper Mississippi River Basins, and Missouri River 
Basin. Prepared under the direction of 8. K. Love. : 
‘ dollar. Water-Supply Paper 1370-A : Floods of June 1 54 in Iowa. 3 

y I. D. Yost. Pp. viii+106+1 plate. n.p. Water-Supply — es 

1106: Quantity and Quality of Surface Waters of he 
1950 to September 1953. Prepared under the direction of J. V. B. 
Wells and 8. K. Love. Pp. vi+248. 1 dollar. Professional Paper a 
301: Exploration of Naval Petroleum Reserve No. 4 and A mt 
Areas, Northern Alaska, 1944-53. By John C. Reed. Part1: History 
of the Exploration. Pp. xi+192+3 plates. n.p. Professional Paper — 
314-B: Bathygalea, a Genus of Moderateiy 1 Water and 
Water Miocene to mt Cassids. By oodring and A. 
Olsson. Pp. ii+21-26+plates 6-10. % 7" * (Washington, 0. : 
Government Printing Office, 1958.) {1i9 
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